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tailored to his size 


pediatric suspension 


Children readily accept candy-flavored Tedral 
Pediatric Suspension, formulated especially for 
the small fry. Tedral Pediatric Suspension is a 
half-strength preparation, easily and safely admin- 
istered. Tedral Pediatric Suspension—supplied in 
half pints for half-pint patients. Each teaspoonful 
(5 cc.) contains the following: 


theophylline (1 gr.) . ...... . to relieve constriction 
ephedrine HCI (3,16 gr.) . . .. . . to reduce congestion 
phenobarbital (1 16 gr.). . . . . . for moderate sedation 


posace: Children 6 to 12 years: | teaspoonful. 


Children over 12 years: 2 teaspoonfuls. May be repeated 
every 4 hours, preferably after meals. 


Children under 6 years: smaller doses in proportion to age. 


WARNER-CHILCOTT 


100 YEARS OF SERVICE TO THE MEDICAL PROFESSION 
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A GREAT STEP FORWARD 


i the management of 


MYASTHENIA GRAVIS 


Mytelase chloride (WIN 8077) is a new antimyasthenic compound 
with definite advantages over older cholinergics. 


Patients “... feel better, are stronger, and are closer to their normal 
health.’”” 


Asa rule Mytelase “... has roughly twice the effectiveness per milligram 
of neostigmine in reducing the symptoms of myasthenia gravis, and 
approximately twice the duration.’ Some patients can replace their for- 
mer 10 to 60 tablets daily with as few as 2 tablets of Mytelase; sleep need 
not be interrupted for dosage.’ 


: Tablets, scored, of 10 mg. Write for booklet discussing in detail clinical 
experience, dosage, side effects and precau- 
and 25 mg., bottles of 100. dione te be chusvead. 


1. Schwab, R.S.; Marshall, Clare K.; and Timberlake, William: 
J.A.M.A., 158:625, June 25, 1955. 

2. Schwab, R.S.: Am. Jour. Med., 19:734, Nov., 1955. 
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CONTENTS 
Editorial 


The Syndrome of Alveolar Hypoventilation 
ALFRED P. FISHMAN, GERARD M. [TURINO AND EDWARD H. BERGOFSKY 


Clinical Studies 


Potassium Movement in Normal Subjects. Effect on Muscle Function 
Davip Gros, AKE LILJESTRAND AND RICHARD J. JOHNS 


Potassium Movement in Patients with Familial Periodic Paralysis. Relationship to the 
Defect in Muscle Function 
Davip Gros, RicHARD J. JOHNS AND AKE LILJESTRAND 


These papers deal with the movement of potassium into and out of the muscle cells of the forearm 
as deduced from simultaneous measurements of the potassium concentration in brachial artery 
and antecubital vein blood after the forearm muscles were exercised and after administration of 
potassium chloride, glucose, insulin and other compounds. The direction and magnitude of potas- 
sium movement in normal man was first studied. Exercise resulted in a loss of muscle potassium; 
administration of potassium increased the muscle potassium; glucose increased and insulin de- 
creased the muscle potassium. Similar experiments in three patients with periodic paralysis showed 
an abnormally large uptake of potassium by muscle; excessive loss of potassium from contracting 
muscle during attacks; exaggerated movement of potassium into muscle after meals, glucose or 
insulin administration, with development of profound muscle weakness; hyperpolarization of the 
muscle membrane; reduction in muscle responsiveness to nerve stimulation, in propagation of 
excitation, and in contractility. The studies give some clue to the nature of the defect in familial 
periodic paralysis. 


The Electrocardiogram and Potassium Metabolism. Electrocardiographic Abnormali- 
ties in Primary Aldosteronism and Familial Periodic Paralysis 
F. S. P. vAn BUCHEM 


A patient with primary aldosteronism, due to adrenal hyperplasia, was found to have a low serum 
potassium with related electrocardiographic changes, but no muscle paralysis and, indeed, a nor- 
mal concentration of potassium in the skeletal muscle. Electrocardiographic abnormalities per- 
sisted long after the serum potassium level reverted to normal following adrenalectomy. In a pa- 
tient with familial periodic paralysis, on the other hand, low serum potassium levels were associated 
both with paralytic attacks and electrocardiographic changes. The significance of these contrasting 
findings is discussed. 
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for faster and higher 


initial tetracycline biood levels 


now...the new phosphate complex of tetracycline 


Squibb Tetracycline Phosphate Complex 


the broad clinical spectrum of SUMYCIN against pathogenic organisms 


Squiss & 


*SUMYCIN’' IS A SQUIBB TRADEMARK 


Gram Negative Bacteria Gram Positive Bacteria 


SUMYCIN 
the new Phosphate complex of tetracycline 


SUMYCIN 
a Single antibacterial antibiotic 


SUMYCIN 
a well tolerated antibiotic 


SUMYCIN 
a true broad spectrum antibiotic 


Minimum adult dose: 1 capsule q.i.d. 

Each Sumycin capsule contains the equivalent 
of 250 mg. tetracycline hydrochloride. 

Bottles of 16 and 100. 


Squibb Quality —the Priceless Ingredient 
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Adynamia Episodica Hereditaria. A Disease Clinically Resembling Familial Periodic 


Paralysis but Characterized by Increasing Serum Potassium During the Paralytic 


Attacks 
I. Gamstorp, M. Hauce, H. F. HELWec-LArsen, H. MJONEs AND U. SAGILD 


In a report of unusual interest the authors describe a newly defined inborn error of metabolism 
characterized by recurrent attacks of paralysis of the muscles of the extremities and the trunk, 
very much like those encountered in familial periodic paralysis. The serum potassium level during 
attacks is increased, however, probably due to leakage from the intracellular compartment of 
muscle since the urinary excretion of potassium does not decline. Unlike familial periodic paralysis, 
attacks are worsened or precipitated by administration of potassium salts, even in comparatively 


low dosage. 


Potassium Deficiency of Renal and Adrenal Origin 


R. V. Brooks, R. R. McSwiney, F. T. G. Prunty ann F. J. Y. Woop 


The authors cite three well studied cases to demonstrate that certain sharply drawn syndromes 
characterized by potassium deficiency of renal and, or adrenal origin are not quite as distinct as has 
been implied. One case, proved to be due to an adrenal cortical carcinoma, gave overlapping 
clinical and metabolic indications of excessive secretion of aldosterone and simultaneously also of 
other steroids. Another case, presenting as renal tubular acidosis with nephrocalcinosis, was found 
at necropsy to be sarcoidosis. A third offered unusual problems in determining whether potassium 
loss should be ascribed to an intrinsic renal tubular defect or to primary adrenal dysfunction. The 
discussion as a whole reviews the issues involved most informatively. 


Gslycinuria, a Hereditary Disorder Associated with Nephrolithiasis 


ANDRE DE VRIES. SHAUL _Kocuwa, JACOB LAZEBNIK. MENAHEM FRANK 
AND DJALDETTI 


In a report of unusual interest, the authors record the familial occurrence of urinary excretion of 
glycine in unequivocal excess of the normal and without accompanying anomalies in the urinary 
excretion of any other amino acid or metabolite. It is made plain that the glycinuria is a reflection 
of deficient tubular reabsorption specifically of this amino acid. There appears to be an associated 
tendency to nephrolithiasis. The implication is that this disorder represents a new inborn error 
of metabolism of the group characterized by a specific defect in renal tubular reabsorption 


mechanisms. 


Renal Clearance of Lysine in Cystinuria. Pathogenesis and Management of this 


Abnormality . P. D. DooL_an, H. A. HARPER, M. E. HUTCHIN AND E. L. ALPEN 


It is now securely established that the metabolic defect in cystinuria lies in defective renal tubular 
reabsorption of cystine, lysine, arginine and ornithine. Why these four amino acids should be 
so associated is a subject for speculation, and the principal topic of this study in which investiga- 
tion of the renal disposition of lysine is made the point of departure. The experimental results and 
the interesting discussion throw light not only upon the pathogenesis of cystinuria but also of other 
inborn errors characterized by deficiencies of tubular transport systems, and, in addition, upon the 
general subject of tubular reabsorption of amino acids. 
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calmative effect...superior to anything we 
had previously seen with the new drugs.” 


true calmative 


nostyn 


Ectylurea, AMES 


the power of gentleness 


allays anxiety and fension 


without de pression, drou moto incoordination 


NOosTYN is a calmative—not a hypnotic-sedative—unrelated to any available 
chemopsychotherapeutic agent « no evidence of cumulation or habituation + does 
not increase gastric acidity or motility - unusually wide margin of safety 
—no significant side effects 

dosage: 150-300 mg. (1% to 1 tablet) three or four times daily. 


supplied: 300 mg. scored tablets, bottles of 48 and 500. 
*Ferguson, J. T., and Linn, F V. Z.: Antibiotic Med. & Clin. Therapy 3:329, 1956. 


/\ AMES COMPANY, INC : ELKHART, INDIANA 2505? 
| AMES COMPANY OF CANADA, LTD., TORONTO 
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Marfan’s Syndrome. A Report of Three Patients with Aneurysm of the Aorta 
Evias G. Pappas, DANIEL MASON AND CLARENCE DENTON 


The association of arachnodactyly and other congenital anomalies with medial cystic necrosis of 
the aorta, and consequent aneurysm and dissection, is well known. Three interesting examples are 
cited, two with instructive necropsy findings. 


Marfan’s Syndrome: Description ofa Family. . . .  .  . RODMAN WILSON 


The syndrome described by Marfan is now known to reflect an inborn error, presumably of metab- 
olism, expressed as a widespread connective tissue defect. Skeletal, ligamentous and cardiovascular 
(notably aortic) anomalies predominate. The hereditary and clinical manifestations in an affected 
family are interestingly described in this report, which includes necropsy findings in a subject who 
died of cardiac failure resulting from aneurysmal dilatation of the root of the aorta with stretching 
of the aortic ring and aortic regurgitation. The syndrome is not so rare but what it deserves con- 
sideration under appropriate circumstances of differential diagnosis, and is certainly of consider- 
ably innate interest. 


Review 


Renal Involvement in Progressive Systemic Sclerosis (Generalized Scleroderma) 
GERALD P. RODNAN, GEORGE E. SCHREINER AND ROGER L. BLACK 


The authors point out the frequent occurrence of morphologic changes in the kidney in progressive 
systemic sclerosis (scleroderma). These often are not accompanied by striking clinical or laboratory 
abnormalities suggestive of renal impairment, at least not until the terminal phase, hence are 
generally not appreciated during life. Nine cases are described, in seven the patients died in uremia 
which developed late in the disease. The renal lesions discovered at necropsy are characterized by 
intimal proliferation particularly of the interlobular arteries, fibrinoid necrosis and widespread 
focal cortical infarction. There is an interesting and well balanced discussion of the significance of 
these lesions, and of the possible role of steroid therapy in their causation. 


Seminar on Atherosclerosis 


The Epidemiology of Coronary Heart Disease . . . . . GEORGE V. MANN 


In this timely and interesting article Dr. Mann takes a fresh look at the statistics relating to coro- 
nary heart disease. He gives sound reasons for questioning the validity of the apparent increase in 
recorded mortality due to heart disease in the United States from about 9 per cent in 1900 to al- 
most 40 per cent in 1956; without, however, disproving that a substantial increase has occurred. 
The inadequacies of cause-of-death certification, particularly in sudden death, the effects of such 
factors as transference and medical sophistication, and of competing causes of death are discussed 
at length. All this, and more, Dr. Mann points out, bears upon current discussions of the role of 
dietary factors (analysis of which poses difficult problems indeed), occupation, activity, sex, 
ethnic background, in atherogenesis and coronary heart disease. These difficulties, of course, are 
multiplied when one attempts to compare specific disease mortality rates in one country with 
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For anxiety, tension 
and muscle spasm 
in everyday practice. 


* well suited for prolonged 
therapy 


well tolerated, relatively 
nontoxic 


# no blood dyscrasias, liver 
toxicity, Parkinson-like syndrome 
or nasal stuffiness 


® orally effective within 
30 minutes for a period of 
6 hours 


RELAXES BOTH MIND AND MUSCLE 
WITHOUT IMPAIRING MENTAL OR PHYSICAL EFFICIENCY 


Miltown: 


tranquilizer with muscle-relaxant action 


2-methyl-2-€-propy!-1,3-propanediol 
dicarbamate — U.S. Patent 2,724,720 


Supplied: 400 mg. scored tablets 
200 mg. sugar-coated tablets 


Usual dosage: One or two 
400 mg. tablets t.i.d. 


Literature and samples available on request 
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New Brunswick, N. J. 
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those in another. The epidemiologic approach in chronic disease, it is concluded, is important but 
subject to such extraordinary complexities in fact finding and interpretation that much more work 
will be required before conclusions can be accepted with confidence. 


Clinico-pathologic Conference 


Cholecystectomy Followed by Ascites, Fever and Oliguria 


Clinico-pathologic Conference (Washington University School of Medicine). 


Case Reports 


An Illustrative Case of Chronic Pyelonephritis with Persistently Hypotonic Urine 
CHARLES R. KLEEMAN AND FRANKLIN H. EPSTEIN 
This well studied case emphasizes several points of clinical interest in respect to pyelonephritis: 
absence of symptoms despite progressive destruction of the kidneys; failure of antibiotics that were 
effective in in vitro testing, and the value of combinations of antibiotics; unexplained hemolytic 
anemia and splenomegaly; the excretion of hypotonic urine and failure to respond to antidiuretic 
hormone. 


Adenocarcinoma Occurring in Regional Jejunitis 
PETER KORNFELD, LEON GINZBURG AND DAvID ADLERSBERG 
Having observed two cases of the rather rare jejunal adenocarcinoma in regional jejunitis, appar- 
ently arising from pseudopolyps, the authors properly raise the question whether or not car- 
cinomatous degeneration should not be considered an occasional complication of granulomatous 
jejunitis. 


Aplastic Anemia Fourteen Years Following Administration of Thorotrast 
GEORGE W. DUANE 
It is impossible to establish that the aplastic anemia of this patient can be definitely ascribed to 


thorotrast but it would be wise to consider this possibility in patients with aplastic anemia of un- 
determined cause. 


“Periodic Fever.’’ Occurrence in Five Generations 
BERTHA A. BOURONCLE AND CHARLES A. DOAN 
The concept of periodic disease properly is viewed with skepticism by many, because the diag- 
nosis has been indiscriminately applied by some to any disease with periodic recurrence of fever, 
a meaningless application. There is, however, a group of one or more disorders of unknown 
etiology in which the descriptive term may be used with justification, at least until the patho- 
genesis is elucidated. The family herein described serves as an interesting example. 
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*MODEL 613-R poRTABLE HIGH-SPEED AUTOCLAVE 


New HIGH in performance 
New LOW in cost 


The newest product of the world’s 
largest manufacturer of Pressure 
Steam Sterilizers 


your authorized 


American Sterilizer Dealer or write 
for Bulletin DC- 410. 


STERILIZER 


THESE FEATURES: 


All Stainless Steel 
For durability and easy cleaning 


Positive Sterilization 
Pressure steam at 250° F. to 270° F. 


Greater Capacity 
Holds three large trays (6” x 13”) 


Fast 
Reaches 270°F. in approximately 
seven minutes 


Automatic 
Times any selected sterilizing cycle 


Cool and Dry 
Dries instruments or supplies by ex- 
hausting steam and residual water 
back into water reservoir... NOT 
into room 


Safety-Lock Door, Adjust- 
able Thermostat and Accurate 
Temperature Gauge 
Automatically “burn-out” proof 
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reasons why 


is the logical combination in 


iron deficiency anemias 


because: 


environment. 


than iron alone. 


“Cytoferin” Tablets— No. 705, bottles of 100 and 
1,000. ‘‘Cytoferin’” Liquid — No. 945, bottles of 
8 fluidounces. Stable liquid preparation; non- 
alcoholic; extremely palatable; may be taken 
undiluted. 


“Cytoferin” combines vitamin C and ferrous iron to provide 
the direct approach to greater iron absorption and utilization 


Me Iron is absorbed only in the reduced ferrous form. 
Ingested iron can be maintained in a reduced state only in an acid 


Vitamin C given with iron acts as an acidifying and reducing agent at 
the site of maximum absorption. 


r Vitamin C increases the availability of iron for hemoglobin and red 
blood cell formation, as well as to build body reserves. 


The combination of iron and vitamin C is likely to be better tolerated 


Each tablet or 10 cc. (2 tsp.) contains: 
Ferrous settate’. 63 200 mg. 
Vitamin C (ascorbic acid) ...... 150 mg. 
*Exsiccated in the tablets, and U. S. P. in the 
liquid. 


Suggested dosages: To be taken preferably with meals. Adults and children: 1 tablet 
or 2 teaspoonfuls (10 cc.) two or three times daily. Infants and children: 1 teaspoonful 


(5 cc.) two or three times daily depending on age. 


Bibliography available on request. 
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- 


(Prednisolone fertiary-butylacetate, Merck) 


for relief that lasts —longer 


in TRIGGER POINT 
TENDERNESS— 

permits 

painless 

movement 


Duration of relief 
exceeds that 


provided by any 


other steroid 


ester 
(13.2 days—20 mg.) 


ff 


Bursitis 
Rheumatoid arthritis 
Osteoarthritis 
Acute gouty arthri 
Tendinitis 
Trigger finger 
Peritendinitis 
Trigger points 
Tennis elbow 
Lumbosacra! strain 
Capsulitis 
Frozen shoulder 
Coccydynia 
Rheumatoid nodules 
Fibrositis 
Tensor fascia lata 
syndrome 


Collateral ligament 
Strains 
Sprains 
Radiculitis 
Osteochondritis 
Ganglia 


Dosage: the usual intra-articular, 
intra-bursal or soft tissue dose 
ranges from 20 to 30 mg. depend- 
ing on location and extent of 
pathology. 

Supplied: Suspension ‘HyDELTRA’- 
T.B.A.—20 mg./cc. of predniso- 
lone tertiary-butylacetate, in 


S-cce. vials. 


MERCK SHARP & DOHME 
DIVISION OF MERCK &CO INC. 
PHILADELPHIA 1. PA 
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This is “the most 
valuable drug that 

has been introduced 

for the treatment of 
ulcerative colitis” in 
recent years.' Results 

of treatment with 
Azulfidine “far exceed 
those of any previous 
drug used”.? “It has been 


effective in controlling the 


disease in approximately 
two-thirds of patients 
who had previously 
failed to respond to 
standard colitis therapy 


currently in use.” 


1. Barcen, J. A.: “Present Status of Hormonal 
and Drug Therapy of Ulcerative Colitis”, 
South. M. J. 48: 192 (Feb.) 1955. 

2. BarceEn, J. A. and Kennepy, R. L. J.: “Chronic 
Ulcerative Colitis in Children”, Postgrad. 
Med. 17: 127 (Feb.) 1955. 

3. Morrison, L. M.: “Response of Ulcerative 
Colitis to Therapy with Salicylazosulfapyridine”, 
J. A.M. A. 151: 366 (Jan. 31) 1953. 


BRAND OF SALICYLAZOSULFAPYRIDINE 


PHARMACIA LABORATORIES, INC. 


501 Fifth Avenue, New York 17, N. Y. 
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SOLUBLE VITAMINS 


HIGH POTENCY B COMPLEX + 500 MG. VITAMIN C 


PARENTERAL 


Instantly Soluble in any 


Standard Diluent 


Just mix 5 ee. of any standard 
parenteral solution with a vial 
of PARLITE...it’s ready for 
intravenous injection or in- 
fusion use. PARLITE may also 
be used intramuscularly... 


costs no more than multiple- 


vial preparations. 


Each one-dose vial contains: 


Thiamine HC] (B,) 10 mg. 


Riboflavin (Bz) 10 mg. 
Sodium Pantothenate 10 mg. 
Niacinamide 150 mg. 
Pyridoxine HCI] (Be) 5 mg. 
Vitamin 25 mcpm., 


Ascorbic Acid 500 mg. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK > 


*#REG. U. 


S. PAT. OFF. 
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Just one specific 
therapeutic purpose 


to curb the appetite 
of the overweight patient 


4 oo 3 


~ 


(brand of phenmetrazine hydrochloride) 


PRELUDIN makes reducing: 


Effective because it provides potent appetite suppres- 
sion, while minimizing the undesirable effects on the 
central nervous system which may be encountered 
with certain other weight-reducing agents.' 
Comfortable because it virtually eliminates nervous 
tension, palpitations and loss of sleep.? 

Notably safe because it is not likely to aggravate 
coexisting conditions, such as diabetes, hypertension 
or chronic cardiac disease.? 


References: (1) Holt, J.O.5S.,jr.: Dallas M. J. 42:497, 1956. (2) Gelvin, 
E. P.; McGovack, T. H., and Kenigsberg, S.: Am. J. Digest. Dis. 1: 155, 
1956. (3) Natenshon, A. L.: Am. Pract. & Digest Treat. 7: 1456, 1956. 


Precuoin® (brand of phenmetrazine hydrochloride). Scored, square, 
pink tablets of 25 mg. Under license from C. H. Boehringer Sohn, 
Ingelheim. 


Ardsley, New York 
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precision automatic scanning 


Physicians in charge of hospital, clinic and 
private radioisotope laboratories are realizing 
the need and great usefulness of an automatic 
scintillation scanning system for “‘picturing”’ 
radioisotope distribution in body areas. 
Nuclear-Chicago’s 1700 Isotope Scanner ts a 
logical choice for such installations because: 
(1) itis designed to operate with any scintilla- 
tion detector or scaler, (2) it can be supplied 
with a combination gamma-ray spectrometer- 


Complete scanning system shown above includes 1700 
Isotope Scanner, new 1700-P Photo-Recording Attach- 
ment, DS5-1 Scintillation Detector with versatile colli- 
mator inserts, and 161A Basic Binary Scaler. 


scaler instrument for background and scatter 
elimination, (3) it is the only scanning system 
available with the new photo-recording 
attachment as an optional accessory, (4) it 
occupies a maximum floor space of only 34” 
x 44” and can be easily moved through a 3 ft. 
door, (5) it is extremely simple and sturdy 
in construction to guarantee years of reliable, 
trouble-free operation, and (G) it is most 
moderately priced. 
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Thyroidectomy in 1928. Thyrotoxic 
symptoms in 1956. Scan shows recur- 
rence in pyramidal region. 


Same patient as at left. Left lateral 
view. Gamma-ray Spectrometer used 
for background reduction. 


intrathoracic recurrence 20 years after 
surgery. Gamma-ray Spectrometer 
used with Scaler. 


- 


Scan showing residual! thyroid area 
following surgery and node dissection. 
Spectrometer not used. 


Actual scans shown above illustrate typical 
diagnostic problems which lend themselves 
to the Isotope Scanner system. The three scans 
at the left were made using a Nuclear-Chicago 
gamma-ray Spectrometer-Scaler unit. This 
combination is considered the only valid 
and safe way to ‘‘erase’’ background and 
eliminate scatter, because it cannot erase 
even the weakest isotope concentration. 


For years Nuclear-Chicago has been the 
leader in development of quality radioactivity 
instrumentation for the medical profession. 
A complete line of radioactivity measuring 
instruments, personnel protection devices, 
and radiation research equipment, including 
more than 30 new products especially designed 
for medical use, are illustrated and described 
in our new Catalog Q, available on request. 


new! photo-recording attachment 


1700-P Photo-Recorder attaches directly 
to any old or new 1700 Isotope Scanner. 
A glow tube in the camera box is mechani- 
cally coupled to the scintillation detector 
and produces on standard 14” x 17” x-ray 
film separate flashes of light which vary 
in frequency with count rate. Model 1700-P 
may be operated simultaneously with the 
Isotope Scanner’s printer and provides 
contrast enhancement, variability and con- 
trol of contrast, background suppression, 
and accurate anatomical localization. The 
developed film may be superimposed on 
roentgenograms to give a clear presenta- 
tion of isotope distribution. 


Reference: David E. Kuhl, R. H. Chamberlain, John Hale and R. O. Gorson: A High-Contrast 
Photographic Recorder for Scintillation Counter Scanning. Radiology, pgs. 730-739, May, 1956. 
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The synergistic action of Nembutal” and reserpine in Nembu-Serpin 
helps avoid prolonged waiting for a cumulative response to reserpine 
alone. Makes lower reserpine dosages effective . . . reduces inci- 
dence of side effects. Each Nembu-Serpin Filmtab combines 30 mg. 


Nembutal Calcium and 0.25 mg. reserpine. 


for milder cases ...... for maintenance therapy (1B Gott 


Half-strength Nembu-Serpin combines just 15 mg. Nem- ,_ | 
butal Calcium and 0.1 mg. reserpine in each Filmtab. tnembutsi—Pentobarbital, Abbott 
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DRY, SCALY SKIN 
DETERGENT RASH 
SUNBURN 
SIMPLE ECZEMA 
DIAPER RASH 
‘DISHPAN’ HANDS 
PRICKLY HEAT 
CHAFING 


Superficial skin com- 
plaints usually respond 
dramatically to 

TASHAN CREAM ‘Roche’ 


Antiprurient, soothing, and: healing — 
contains vitamins A, D, E, and d-Panthenol, 
in a cosmetically pleasing water-soluble 
base which fastidious patients will enjoy 


using. Hoffmann-La Roche Inc., Nutley, N. J. 


TASHAN *™ 
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for “‘...effective control of allergic 
symptoms with 
little risk of sedation...’” 


CLISTIN dosage forms: 

Tablets Clistin, 4 mg. 

Tablets Clistin R-A (Repeat Action 
Tablets Clistin, 8 mg.) 

Elixir Clistin, 4 mg. per 5 cc. 


a3 1. Johnson, H. J., Jr.: Am. Pract. & Digest. 
| Treat. 5:862 (Nov.) 1954. 

2. Beale, H. D.; Rawling, F. F. A., and 

Figley, K. D.: J. Allergy 25:521 (Nov.) 1954. 


Relieved of symptoms but still alert... 
is the patient for whom you prescribe 


Carbinoxamine Maleate 


A “...potent antihistaminic drug with only weak 
sedative properties...’ Clistin is right 


...for the patient who must: remain wide awake 
and on the job in spite of his allergy 


...for the very young allergy sufferer 
...for ALL your allergy patients 


LABORATORIES, INC. 


Philedelphia 32, Pa. 
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.. Ut ts imperative to treat all 
urinary tract infections in 
children as a serious disease 


one that may involve the 


renal parenchyma and produce 


renal failure in adult life 


a 
a 
or 
a 


“an effective urinary antibacterial agent in children.” 


FURADANTIN.......... 


In children, since “‘chronic urinary infection is generally the sequel of inade- 
quately treated acute infection,’ prompt and adequate therapy with FURADANTIN 
can prevent irreparable renal damage. FURADANTIN also “has been a safe and 
effective therapeutic and prophylactic drug for chronic urinary tract infection. 
. . . We feel the drug should be continued prophylactically for a minimum of 
several months after the urine has been sterilized.’”! 


FURADANTIN has “yielded a number of striking results in clearing up resistant 
infections [in children] particularly with A. aerogenes, Pseudomonas aeruginosa, 
and a few cases of B. proteus. It is generally well tolerated in the recommended 


dosage schedule.’’* 


In the treatment of Proteus infections, ‘““FURADANTIN Pediatric Suspension [ Oral 
Suspension] 1 teaspoonful four times daily, is the most satisfactory medication, 
if tolerated. ... It can be given over a long period without ill effects and is 
excreted in large amounts in the urine.’ In one study, FURADANTIN proved much 
more effective than any other drug used previously in the treatment of Proteus 
infections. “We feel that this is especially important since P. vulgaris infections 
occur rather commonly in infants and children.’’? 


In addition to unexcelled effectiveness against a wide range of gram-positive 
and gram-negative bacteria, FURADANTIN has a wide margin of safety. Well toler- 
ated, FURADANTIN has proven nontoxic to kidneys, liver and blood-forming or- 
gans. No cases of monilial superinfection, crystalluria, or staphylococcic enteritis 
have ever been reported. In 6 years of extensive use, development of bacterial 
resistance remains negligible. 
AVERAGE FURADANTIN DOSAGE 
* FURADANTIN ORAL SUSPENSION (25 mg. per 5 cc. tsp.) : Average daily dose for children 
_ between 15 and 75 lbs., using 5 cc. teaspoon, is given below. Administered 4 times daily 
with food or milk, it is readily miscible with water, infants’ formulae, milk or fruit juices. 


, 15-24 lbs. (7-10 Kg.) | 25-49 lbs. (11-22 Kg.) | 50-74 lbs. (23-83 Kg.) | 75 lbs. (34 Kg.) 
% teaspoonful g.i.d. | 1 teaspoonful q.i.d. 2 teaspoonfuls q.i.d. | 3 teaspoonfuls q.i.d. 


Supplied: Bottle of 60 cc. 


FURADANTIN TABLETS: Average dose for children is 5 to 7 mg. per Kg. (2.3 to 3.2 mg. 
per lb.) in 4 divided doses daily. 


Supplied: Tablets of 50 mg. and 100 mg., bottles of 25 and 100. 


NOW for hospitalized patients, for severe urinary tract infections when 
peroral administration of FURADANTIN is not feasible and for serious 
infections as septicemia (bacteremia) when the bacterium is sensitive. 


new, uresavingc FURADANTIN /ntravenous Solution 


REFERENCES: 1. Marshall, M., Jr., and Johnson, S. H., III.: J. Urol., Balt. 76:123, 1956. 2. Johnson, S. H., 
III, and Marshall, M. Jr.: A. M. A. Am. J. Dis. Child. 89:199, 1955. 3. Campbell, M. F.: Modern Med. 
24:85, 1956. 4. Engel, W. J.: Med. Clin. N. America, p. 965 (July) 1955. 5. Carroll, G.: Pediat. Clin. N. 


America, p. 781 (Aug.) 1955. 


FURADANTIN SENSI-DISCS 
for bacterial sensitivity tests are available from Baltimore Biological Laboratories, 


NITROFURANS...a new class of antimicrobials... 
neither antibiotics nor sulfonamides 


EATON LABORATORIES, NORWICH, N.Y. 


Quaker Oats and Mother’s Oats, 
the two brands of oatmeal offered 
by The Quaker Oats Company, 
are identical. Both brands are 
available in the Quick (cooks in 
one minute) and the Old-Fash- 


ioned varieties which are of equal 


nutrient value. 


The Quaker Oats O@mpany 


CHICAGO 


Take a moment to consider why oatmeal is 
recommended in virtually all therapeutic diets... 
why it is so widely used as a first solid food for 
infants...why it is suggested so frequently in 
geriatric diets...and why it is the favorite break- 
fast dish of millions. 


Patients whose digestive tracts must be pam- 
pered with bland, restricted-fiber, semisolid or 
other limited menus, must obtain their daily nutri- 
tion from easily digested, easily assimilated foods 
offering high nutrient value. 


Oatmeal-and-milk (whole or skim) is a food of 
choice in all such diets —for several reasons —and 
not only for breakfast: its soft particulate texture 
...1ts appealing taste...its almost complete digest- 
ibility...its rich supply of protein...and its B 
vitamins and minerals. Even such individualized 
diets as low purine, low fat, low salt, and many 
others give broad recognition to oatmeal because 
it provides high nutritional value without inter- 
fering with most dietary restrictions. 


These are the reasons, too, why oatmeal is 
widely recommended as the first solid food for the 
three-month-old infant’s delicate digestive tract 
...and for the oldster whose changing dietary habits 
often make adequate protein nutrition difficult. 


And for the millions of energetic men, women, 
and children who need and appreciate a good, 
sturdy breakfast every day, oatmeal—for the same 
reasons—presents a very real nutritional plus. 
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in urinary tract infections 


4 


and infection ...in one tablet 


ACTION: 
Azo Gantrisin Is an antibacterial-analgesic agent specifically designed for treatment of 


urinary tract infections. The high plasma and urine levels of Gantrisin act systemically 
and locally to clear both descending and ascending infections. Painful burning, urgency 
and nocturia are relieved — often within 2 hours — by the analgesic action of phenylazo- 
diamino-pyridine HCI upon the mucosa of the lower urinary tract. 


USES: 
For antibacterial therapy and local pain relief in urinary tract infections; prevention of 


infection after cystoscopy, catheterization and other instrumentation. Also useful after 


urologic surgery. 


ADVANTAGES: 
Wide antibacterial spectrum...high plasma levels...high urine levels...high solu- 


bility (even in acid urine)...no need for alkalies...no likelihood of renal blocking... 


local pain relief. 


DOSAGE: 
Adults (and children over 100 Ibs) — 2 tablets, q.1.d. 
Children under 100 Ibs — 1 tablet, q.1.d. 


Caution: The usual precautions in sulfonamide therapy should be observed. Because Azo Gantrisin 
contains phenylazo-diamino-pyridine HCl, it is contraindicated in glomerular nephritis, pyelonephritis 
of pregnancy with gastrointestinal symptoms, severe hepatitis and uremia. In such cases, Gantrisin 


should be used alone. 


SUPPLIED: 
Red, monogrammed tablets, each containing 0.5 Gm Gantrisin plus 50 mg phenylazo- 


diamino-pyridine HCl; bottles of 100 and 500 tablets. 


HOFFMANN -LA ROCHE INC + NUTLEY «+ N. J. 


Gantrisin® — brand of sulfisoxazole 
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Hypertensive...yet controlled 
with safer combination therapy 


Management of the hypertensive patient 
has become far less complicated with the 
use of combinations of antihypertensive 
drugs as adjuncts to the general regimen. 


Rauvera, the combination of alseroxylon 
and alkavervir, is much more effective 
than either drug alone.! There is an 
additive, if not synergistic action,” that 


provides full antihypertensive effects and 
makes it possible to administer smaller 
doses*® of each drug. 


Rauvera causes no sudden drop in blood 
pressure, but provides gradual, sustained 
reduction...relieves anxiety and tension 
...sSlows accelerated pulse rate...and 
promotes a tranquil outlook on life. 


RAU VERA’ 


1 me. alseroxylon « 3 mg. alkavervir in each scored tablet 


1. LaBarbera, J. F.: Med. Rec. & Ann. 50:242, 1956. 
2. Ledbetter, P. V., and Morrow, E. J.: J. Am. Geriatrics Soc. 3:172 
(March) 1955. 3. Wilkins, R.W.: Am. J. Med. 17:703 (Nov.) 1954. 


SMITH-DORSEY «a division of The Wander Company * Lincoln, Nebraska 
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Coming— 


SYMPOSIUM on 


1. Foreword to Symposium on Peripheral Vascular Diseases. 


Dr. J. Epwin Woop and Dr. Rospert W. Wirkins, Massachusetts Memorial Hospitals, 
750 Harrison Avenue, Boston 18, Massachusetts 


2. Methods of Study of the Circulation in the Limbs and Dynamics of Blood Flow 
of this Circulation. 
Dr. A. D. M. GreenFiecp, Queen’s University, Belfast, Ireland 


3. Physiology and Dynamics of the Microcirculation. 
Dr. B. W. Zweiracnu, New York University, New York, New York 


4. Peripheral Tissue Oxygen Tension. 
Dr. HucH Montcomery, University of Pennsylvania School of Medicine, Philadelphia, 
Pennsylvania 


THE AMERICAN JOURNAL 


11 East 36th Street 


two reasons 
for the 


growing use 
first in hypertension 
Ser asil Alone, reduces blood pressure, slowly and 
of safely, in about 70 per cent of mild to moderate 


cases.’ As a “primer,” Serpasil can advanta- 

geously be used to begin therapy, however 
— re severe the case, to adjust the patient to the 
in eve r y ay physiologic setting of lower pressure. As a 
“background” agent throughout other therapy, 
Serpasil permits lower dosage of more potent 
agents, thus minimizing side effects. Average 


Dose: two 0.25-mg. tablets daily for one week, 
then maintenance on 0.25 mg. or less daily. 


1. Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M. A. 51:417 
(Dec.) 1955. 


Serpasil can always 


be considered 


practice 


One of the safest, least toxic and most effective agents for - 


| . 
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November 1957 
Peripheral Vascular Diseases 


5. Medical Management of Peripheral Ischemic Diseases. 


Dr. Epocar A. Hines, Mayo Clinic, Rochester, Minnesota 


6. Surgical Management of Peripheral Ischemic Diseases. 


Dr. Harris B. SHuMAcKER, Indiana University School of Medicine, Indianapolis, Indiana 


7. Pathogenesis, Prevention and Medical Management of Peripheral Arterial Thrombosis. 


Dr. Invinc S. Wricut, Cornell University Medical College, New York, New York 


8. Diagnosis and Management of Peripheral Venous Diseases. 


Dr. Gunnar Bauer, General Hospital, Mariestad, Sweden 


OF MEDICINE 


New York 16, N. Y. 


Serpasil provides 
true emotional control 


Recommended for the many patients who are 
too nervous or agitated to be adequately calmed 
by sedatives or weaker tranquilizers. Serpasil 
actually sets up a “stress barrier’? against 
anxiety and tension these patients would other- 
wise find intolerable. Average Dose: 0.1 mg. to 
0.5 mg. (two 0.25-mg. tablets) daily. 


Although it ts a first choice in hypertension, 
Serpasil does not significantly lower blood 
pressure in normotensive patients. 


SUPPLIED: 

Tascets, 0.1 mg., 0.25 mg., 1 mg., 2 mg., and 4 mg. 

Evixirs, 0.2 mg. and 1 mg. per 4-ml. teaspoon. 

PARENTERAL SOLUTION: Ampuls, 2 mi., 2.5 mg. Serpasil per ml. 
Multiple-dose Vials, 10 ml., 2.5 mg. Serpasil per mil. 


hypertension and emotional disorders Sel 1 


(reserpine CIBA) 
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Coming Seon... The American Journal of Medicine 
TEN YEAR INDEX 


July 1946 through June 1956 | Cumulative Index 


THE 
MERICAN JOURN) 
MED} INE 


The American Journal of Medicine, Inc. 
11 East 36th Street, New York 16, N. Y. 


1946-1955 


Please send me the new Ten Year Index to 
The American Journal of Medicine for 
which I enclose $5.00 U.S.A.—$5.50 Foreign 


THE ‘ 
MCA 


| 
| 
This subject and author index provides 
| Address an invaluable aid for quick reference and 
| : review purposes to the articles and au- 

thors who have appeared in the journal 


(New York City residents, add 3% sales tax) during the past ten years. 


! 


more reasons for the growing 


in tachycardia 
Serpasil slows the rapid heart 


By prolonging diastole and allowing more time for the myocar- 
dium to rest, Serpasil enhances blood flow and cardiac efficiency. 


R 0.1 mg. to 0.5 mg. (two 0.25-mg. tablets) daily. 


in alcoholism 
Serpasil relieves drink-inducing tension 


Long-term therapy with oral Serpasil helps the alcoholic “stay on 
the wagon,” makes him more amenable to counseling. Parenteral 
Serpasil generally controls delirium tremens within 24 hours. 

R Chronic phase: two 0.25-mg. tablets or less daily. Acute phase: 


two 2.5-mg. parenteral doses (1 ml. each) 3 or 4 hours apart. Occa- 
sionally, repeat injections may be necessary every 4 to 6 hours. 


in premenstrual tension 
Serpasil controls the “cyclic” change in personality 


In the many women who become irritable, easily fatigued and 
apprehensive as the menstrual period approaches, Serpasil exerts 
a calming effect which moderates their periodic change in per- 
sonality. 


5 0.25 mg. b.i.d., beginning 10 days before expected onset of menses. a 
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PHENAPHEN PLUS 


MISERABLE 


HEAD COLD 


Phenaphen Plus is the physician-requested each coated tablet contains: Phenaphen 


combination of Phenaphen, plus an anti- Prenacetin(3gr). . 


194.0 mg. 
Acetylsalicylic Acid (2% gr.) . 162.0 mg. 


histaminic and a nasal decongestant. Phenobarbital (% gr.) . . . . 16.2 mg. 
Hyoscyamine Sulfate ... . 0.031 mg. 

plus 

Prophenpyridamine Maleate. . 12.5 mg. 

Phenylephrine Hydrochloride . 10.0 mg. 


CIBA 


SUMMIT, N. J. 


use 


One of the safest, least toxic and most 
effective agents in everyday practice 


in hypertensive crises 
Serpasil saves lives 


Used alone or as background to more potent agents, parenteral 
Serpasil lowers acutely elevated blood pressure promptly and 
safely. 


R 2.5 mg. (1 ml.) intramuscularly. Repeat every 8 to 24 hours as 
necessary. 


in acute psychotic disturbances 
Serpasil permits discreet management 


Parenteral Serpasil subdues violently agitated psychotic patients, 
renders them amenable to “quiet” hospitalization. 


R 5 mg. intramuscularly followed, if necessary, by another 5-mg. 
intramuscular dose in 90 minutes. 


SERPASIL® (reserpine CIBA) 


2/2448™« 


“a 
Me 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE 
11 East 36th Street, New York 16, N. Y. 


Please send me the following Seminars reprinted from ‘THE AMERICAN 
JOURNAL OF MEDICINE: 


0 GASTROINTESTINAL PHYSIOLOGY $2.00 
BLtoop COAGULATION $2.00 
O ANTI DrRuGs $2.00 
1 Hemortytic ANEMIAS $2.00 
1 CARBOHYDRATE METABOLISM $2.00 
1 ALLERGY $2.00 
1 DISEASES OF THE PANCREAS $2.00 
Bone DISEASE $2.00 


Enclosed is my check 
Name 
Address 
City State 


still more reasons 
for the growing use of 


in emotional disorders “... relieves anxiety and irritability and calms the pa- 


tient so effectively that because of this latter property alone, the drug [Serpasil | 
should remain in the medicinal armamentarium.” 
Finnerty, F. A., Jr., and Sites, J. G.: Am. J. M. Se. 229:379 (April) 1955. 


in hypertension ‘“Serpasil alone is effective in about 70 percent of cases with 
mild or moderate hypertension and free of virtually any serious side effects.’’ 
Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M. A. 51:417 (Dec.) 1955. 


in tachycardia “‘Reserpine [Serpasil] was found useful in relieving the tachy- 
cardia and emotional symptoms associated with cardiac arrhythmias, thyrotoxi- 
cosis, neurocirculatory asthenia, and even coronary heart disease.” 

Halprin, H.: J. M. Soc. New Jersey 52:616 (Dec.) 1955. 


in hypertensive crises “. .. reserpine [Serpasil] administered intramuscularly “ 
appears to be [a] treatment of choice for hypertensive crises.” 
Griffin, R. W., Stover, J. W., and Ford, R. V.: New England J. Med. 254:593 (March 29) 1956. 
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Modern Drug Encyclopedia and 


Therapeutic Index and Modern Drugs 


Edited by Epwin P. Jorpan, M.D., F.A.C.P. 
University of Virginia Medical School 


ESTABLISHED 1935 


The First Quick Reference Service established on New Drugs for Physicians 


Drug descriptions are not paid for by the manufacturer 


Drug descriptions must pass the scrutiny of an independent (non-manufacturer connected) physician 
Manufacturers do not pay to have their drugs included in the Modern Drug Encyclopedia or Mod- 


erm Drugs 


Fifty-thousand purchasers—Physicians, Pharmacists and Medical Institutions—are now on our lists 


One hundred and twenty thousand copies of Modern Drugs are mailed every 60 days to a selected 
list of physicians 

2 
Twenty-second year of publication 


$15 U.S.A. *° $18 Foreign 


DRUG PUBLICATIONS, INC. 
ll East 36th Street New York 16, N. Y. 


One of the safest, least toxic and most 


effective agents in everyday practice 


in alcoholism “. . . the tranquilizing and anxiety-relieving properties of this 
drug [Serpasil] offer the possibilities of its being extremely helpful for the long- 
term therapy of the chronic alcoholic. By stabilizing his emotional turmoil, his 
need for alcoholic escape may be reduced.” 


Greenfield, A. R.: Am. Pract. & Digest Treat. 7:241 (Feb.) 1956. 


in acute psychotic disturbances “It is now possible to discreetly manage 
acutely disturbed psychiatric patients by the prompt administration of adequate 
doses of reserpine (Serpasil) .” 


Ayd, F. J., Jr.: The Pharmacologic Management of Everyday Psychiatric Problema (A Scientific 
Exhibit). Presented at the Clinical Meeting of the American Medical Association, Boston, Mass., Nov. 
29—Dec. 2. 1955. 


in premenstrual tension “It was noted that this drug [Serpasil] had a quiet- 
ing... effect in most instances of premenstrual tension...” 
Greenblatt, R. B.: Ann. New York Acad. Sc. 59:133 (April 30) 1954. 


A 


LECTURE: SULFONAMIDES 


HISTORY : 

Sulfonamide was first prepared in 1908 by Gelmo during his in- 
vestigation of AZO dyes. Not until 1932 was the chemotherapeutic 
value of sulfonamide (prontosil) to become known. In 192? +*- 


first clinical case 


< 

SES 


SAFETY 
Crystalluria 
and other renal com 


plications are altogé 


too common in prolongg 
high dosage sulfonamid 
Certain forms sulfiogl 
have demonstrated remaq 


safety due to high sol 


POSTGRADUATE SEMINAR | 
| 000 — 


now “...care of the man 


rather than merely his stomach.’”! 


controls 


gastrointestinal dysfunction 
at cerebral and peripheral levels 


tranquilization without 
barbiturate loginess 


spasmolysis without 
belladonna-like side effects 


fOr duodenal ulcer ¢ gastric ulcer ¢ intestinal colic 
spastie and irritable colon e ileitis « esophageal spasm 
G. l. symptoms of anxiety states 


anticholinergic 


8. Wolf & Wolff, Human Gastric Function 


Literature, samples, and 
personally imprinted peplic ulcer 


WALLACE LABORATORIES New Brunswick, N.J. . diet booklets on request. 
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Miltown® | 
Aw 
A. 
¢ 
prescribe: a 
1 tablet t.i.d. at 
mealtime and 
2 at bedtime. 
Milt..... 


PARKE-DAVIS ANNOUNCES 
A MAJOR ADVANCE. 
IN FEMALE HORMONE THERAPY 
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for oral progestational therapy 


NORLUTIN is an example of “...increased bio-— 
logical activity of a steroid when the methyl 


anes group at carbon 10 is replaced with hydrogen. 
(17-alpha-ethinyl-19- 


nortestosterone) 


: 


INDICATIONS FOR NORLUTIN: amenorrhea, 
menstrual irregularity, functional uterine bleed- 
ing, infertility, habitual abortion, threatened 
abortion, premenstrual tension, dysmenorrhea. | 


OF ETHISTERONE AND NORLUTIN | 
IN HUMANS? 3 Rererences:(1) Hertz, R.; Tullner, W., & Raffelt, E.: Endo- 
crinology 54:228, 1954. (2) Greenblatt, R. B.: J. Clin. Endo- 
crinol. 16:869, 1956. (3) Hertz, R.; Waite, J. H., & Thomas, _ 
L. B.: Proc. Soc. Exper. Biol. & Med. 91:418, 1956. (4) Tyler, 
E. T:: J. Clin. Endocrinol. 15:881, 1955. (5) Greenblatt, R.B., 
& Clark, S. L.: M. Clin. North America, Philadelphia, W. B. 
Saunders Co. (Mar.) 1957, p. 587. 
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| UNSURPASSED EFFICACY 


in disorders of menstruation and pregnancy 


mancn 


: 


Progestational Effect on Endome- 
trium ...10 mg. [NORLUTIN] given twice 
daily represents a reproducibly effective 
dose in women for the production of marked 


progestational changes in the endometrium.”? 


Presecretory to secretory endometrium after 5 davs 


treatment. 


Thermogenic Effect “This prepara- 
tion was found to have a marked ther- 
mogenic, and other physiologic effects in 


comparatively small dosage.”4 


Abolition of Arbortantion in Cervical 
Mucus NORLUTIN “...inhibits the fern leaf 


pattern in cervical mucus. 


«@ 1. Fern leaf pattern. 2. Arborization completely 


abolished by NORLUTIN. 
NOR! induction of Withdrawal Bleeding 
“As little as 50 mg. of [NORLUTIN] admin- 
istered in divided doses over a five-day 
period was sufficient to induce withdrawal 


bleeding.”? 


PARKE, DAVIS & COMPANY - DETROIT 32, MICHIGAN 


$0172 
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one dose | 
day... 
blood 
levels 


announcing... 
a new practical 
and effective method 
tor lowering blood 
cholesterol levels... 


Arcofac 


Just one dose a day effectively 
lowers elevated blood cholesterol 


.. . While allowing the patient 
to eat a balanced... nutritious... 
and palatable diet 


Each tablespoonful of emulsion contains: 


6.8 Gm. 
Mixed tocopherols (Vitamin E) 11.5 mg. 


(sodium benzoate as preservative) 


Arcofac is effective in small doses 
and is reasonable in cost 
to the patient 


THE ARMOUR 


LABORATORIES 


A DIVISION OF ARMOUR AND COMPANY 
KANKAKEE, ILLINOIS 


Armour...Cholesterol Lowering... Factor 
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PRENATAL CAPSULES LEDERLE 


More agreeable, more effective nutritional support 
for your pregnant and lactating patients—at no ex- 
tra cost —new FILIBON Offers these welcome improve- 
ments: 


NEW less irritating source of iron— ferrous fumarate — 
avoids gastric upset 


NEW non-inhibitory intrinsic factor—provides greater ab- 
sorption of B,. to meet increased requirements 


NEW more comprehensive formulation — includes ample 
amounts of phosphorus-free calcium, plus Vitamins B, and 


K, and important minerals and trace elements 


NEW Reminder Jar—designed for the dining 
table, so her vitamins can’t be forgotten. Re- 
usable later for diaper pins or cotton. 


FILIBON®* Prenatal Supplement 


Each capsule contains: Iron (as Fumarate) 30 mg. 
Vitamin A 4,000 U. S. P. Units Intrinsic Factor 5 mg. 
Vitamin D 400 U.S. P. Units Fluorine (as CaF:2) 0.015 mg. 
Thiamine Mononitrate (B:) 3meg. Copper (as CuO) 0.15 mg. 
Pyridoxine (Bs) 1 mg. lodine (as KI) 0.01 mg. 
Niacinamide 10 mg. Potassium (as K2SO;) 0.835 mg. 
Riboflavin (Bz) 2 mg. Manganese (as MnO:) 0.05 mg. 
Vitamin Biz 2 mcgm. Magnesium (as MgO) 0.15 mg. 
Ascorbic Acid (C) 50 mg. Molybdenum 

Vitamin K (Menadione) 0.5 mg. (as NazMoO:«*2H:O) = 0.025 mg. 
Folic Acid 1 mg. Zine (as ZnO) 0.085 mg. 
Ferrous Fumarate 90 mg. Calcium Carbonate 575 mg. 


Dosage: one or more capsules daily 
Supplied: attractive, re-usable bottles of 100 capsules 


*TRADEMARK 


LEDERLE LABORATORIES DIVISION 


AMERICAN CYANAMID COMPANY 


PEARL RIVER, NEW YORK 
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specific vitamin 


7 therapy from 


the express wagon 
set to the juke box 


Jills and Joes 


SQUIBB 
introduces 


GRAN junior 


now... the time-tested, clinically proved 
Theragran formula especially adapted and 
encapsulated to meet your needs for vitamin 
therapy in children and adolescents 


Fach small, easy-to-take 
Theragran Junior capsule supplies: 


Thiamine mononitrate 5 mg. 
5 mp. 
30 mg. 
Pyridoxine hydrochloride 2 mg. 
d-Calecium pantothenate . 
Vitamin Bj2 activity concentrate ................ 10 meg. 


DOSAGE: 

1 or 2 capsules daily, or as directed by the physician. 
SUPPLY: 

Bottles of 50 and 100 capsules. 

Other members of the distinguished Theregven 
family: 

THERAGRAN 

THERAGRAN-M 

THERAGRAN LIQUID 


Squibb Quality—the Priceless Ingredient 


*THCRAGRAN’ IS A SQUIBB TRADEMARK 


SQUIBB VITAMINS FOR THERAPY 
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=i 6 contains: a hydrophilic plantago derivative 
help form soft, cohesive stools; thiamine, 
often needed to improve peristaltic function. 
“ SIBLIN (in granular form) is available in 4-ounce and in a 
16-ounce packages; SIBLIN Tablets, in bottles of 100 and 500. 
PARKE, DAVIS & COMPANY DETROIT 32, MICHIGAN 
| 


For Daytime Tranquillity 
non-barbiturate sedative 


® Quick acting 
e Rapidly eliminated 
e Free from side effects 


Dose: 1 BROMURAL tablet several times a day. 


Try 1 Bromural tablet with an aspirin for quicker relief of neuralgic pain and 
headache, discomfort and the aches of simple colds — better than aspirin alone. 


Each BROMURAL tablet bears the mark €B of the originator. 


Bromural, brand of Bromisovalum, a product of E. Bilhuber, Inc. 


-BILHUBER-KNOLL CORP. distributor 
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CONCLUSIONS: 


after 2 years of extensive 
clinical use of.. 


RECTAL 


OINTMENT 


has better 
©@ Specially formulated for pro- than ally previously 


longed, unusual efficacy in reliev- . 

ing pain, itching, irritation and 

inflammation in non-surgical tried medicaments 
HEMORRHOIDS, PRURITUS ANI, , 


FISSURES, PERIANAL DERMATITIS, the (Ud litications 


PAPILLITIS, etc. Non-sensitizing. 


rrmul: oesirn omrwent 


contains high grade Norwegian cod 


liver oil, zinc oxide, lanolin, talcum, l 
sodium lauryl sulfate, petrolatum q.s. proctologic ant 
Does not contain local anesthetics, | 
narcotics, or “caine” drugs which 


might mask serious anorectal dis- 


orders. “promotes 
Available on smooth epithelization 


your prescription 


in tubes of 1'/2 oz., and healthy 


with a safe, flexible 


granulation tissue and 
Liberal SAMPLE supply on request accelerates healin g7} 


DESITIN CHEMICAL COMPANY, 4, 
New RECTAL DESITIN-OINTMENT is not to be confused with regular DESITIN OINTMENT 


1. Spiesman, M. G. and Malow, L.: Amer. J. Proctology, June 1956. 
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"Reg. U.S. Pat. Off. 


Orange Flavor. Each 
teaspoonful (5 cc.) con- 
tains 125 mg. of 3 
tetracycline, phosphate- 
buffered. Bottles of cs 
2 and 16 fi. oz. ie 


LIQUID 
PEDIATRIC 
DROPS 


Orange Flavor. Each cc. 
contains 100 mg. of ce 
tetracycline, phosphate- 
buffered. (Approx. 5 mg. 
per drop). 10 cc. plastic 
dropper-type bottle. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, N. Y. 
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heumatoid 


METICORTELONE 


f 


ion 


in on mot 


... fapidly reduces swelling, tenderness and pa 


... overcomes disabling muscle spasm 


ion, 


tent 


inimizing the sodium re 
jated with older corticosteroids 


therapeutic benefits by m 


... Maintains 


edema and potassium loss assoc 


2.5 and 5 mg 


buff-colored tablets of 1, 
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_ from stress states... 


..-tO Vitality 


Hundreds of patients have now 
benefited from a short course of 
Vistabolic therapy. This modern 
tonic provides anti-stress, anabolic 
and nutritional support. It helps 
the geriatric patient recover 
quickly from surgery, debilitating 
disease, fatigue, neurasthenia, 

and other stressful conditions. 


Each oral tablet provides: Each ccf 
Hydrocortisone ........ 1.0mg. anti-stress cid Hydrogimone acetate... 1.0 mg. 
Stenediol® (Methandriol).. 10.0mg. anabolic aid  Stengi (Methandriol) 10.0 mg. 


Bifacton® (Vitamin B,. nutritional aid > Vits activity (from 
w/ Intrinsic Factor ernaemon®, Liver 
Concentrate) .............. Y2 U.S.P. njection, U.S.P.) .....20.0 meg. 


oral unit 


© Available in 10-cc vials and boxes 
of 30 tablets. Trial supply and lit- 


Orange, N. J. erature available on request. 
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the most effective treatment known for dandruff 


simple, agreeable to use 


a medical answer to a medical problem 


WALLACE BASSFORD 
| 
wa 3% SELSUN Is sy in 81-87°% of seborrheic d itis and 92-95% of 
SELSUN controls symptoms in 31-3:‘°, ol seborrheic dermatitis an O 


simple dandruff cases. Because you need only add it to the regular hair washing 

s\e ¢% z * routine, SELSUN is simple and pleasant to use—no messy ointments, no daily 
ey = ¥ eare. And relief begins with the first few applications. Once symptoms are con- 
trolled, each application affords up to four weeks’ continued relief. SELSUN is 


F available at pharmacies everywhere on prescription only, 
4-fluidounce plastic bottles, complete with directions. bbe 


"Selsun (Selenium Sulfide, Abbott) 
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2 IBEROL Filmtabs a day supply: 


THE RIGHT AMOUNT OF IRON 


Ferrous Sulfate, U.S.P................. 1.068 Gm. 
(Elemental lron—210 mg.) 


PLUS THE COMPLETE B COMPLEX 


BEVIDORAL®................1U.S.P. Unit (Oral) 
(Vitamin Bw with Intrinsic Factor Concentrate, Abbott) 


Thiamine Mononitrate..................... Emg)g. 
Pyridoxine Hydrochlioride................. @mg. 
Calcium Pantothenate..................... Emg. 
PLUS VITAMIN C 


puberty 


® 
another indication for Je er Ol 


potent antianemia therapy 
plus the comp/ete B-comp/ex 
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Symposium on 
NUTRITION and BEHAVIOR 


A valuable 128-page special issue reporting the outstanding 
papers from the symposium on this important subject held 
| under the sponsorship of the School of Public Health of the 
| University of Minnesota with the cooperation of the Na- 
tional Vitamin Foundation, Inc. An important addition to 
your medical reading and your medical reference library. 


| The guest edilor for this issue ts Dr. Josef Brozek, Pro- 
| fessor, School of Public Health, University of Minnesota. 


PRICE $3.00 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
1l East 36th Street, New York 16, N.Y. 


when anxiety and tension “erupts” in the G. |. tract... 


GASTRIC ULCER 


PATHIBAMATE 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 me.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of gastric ulcer — without fear of barbiturate hanhones, hangover or 
habituation .. .gez//) PATHILON (25 me.) the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. 

Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


*Trademark ® Registered Trademark for Tridihexethy! lodide Lederle 
LEOERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER. NEW YORK 
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elevated 


serum 


linoleic acid (essential unsaturated fatty acid) and pyridoxine HCl 


two factors recommended as aids in the 


‘management and prevention of atherosclerosis 


linoleic acid — essential unsaturated fatty acid — to 
help restore and maintain the proper ratio between 
saturated and unsaturated fat in the diet 


pyridoxine — essential for the utilization of linoleic 


acid in the body 


PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc., Brooklyn 6, N. Y. Pfizer 
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Hypercholesterolemia and Atherosclerosis 


Although the exact etiology of atherosclerosis is not known, there is overwhelming and 


mounting evidence implicating elevated serum cholesterol in the pathological processes 


leading to the formation of atheromatous lesions.’ Ina recent study of 898 men, 45 to 62 


years of age, approximately 49 per cent initially showed serum cholesterol levels of 225 


mg. per cent, or higher. Hypercholesterolemia was strongly associated with the develop- 


ment of new arteriosclerotic heart disease in this age group during four years of follow-up 


study.” 


Statistically, hypercholesterolemia has regularly been shown to have a positive correlation 


with atherosclerosis.” Reduction of elevated serum cholesterol levels appears to be war- 


ranted, therefore, in all patients with hypercholesterolemia. 


References: 1. Keys, A.: Am. J. Pub. Health 43:1399 (Nov.) 1953. 2. Gutman, A. B.: Am. J. Med. 74:1 (Jan.) 1953. 
3. Dawber, T. R.: Moore. F. E.. and Mann, G. V.: Am. J. Pub. Health 47:4 (April) 1957. 4. Keys, A.: Proceedings, 
Conference on Atherosclerosis and Coronary Heart Disease, New York Heart Association, Inc., New York, Jan. 15, 


1957, p. 20. 


Low in calories; pleasantly orange flavored; no 
taste fatigue during long-term therapy 


Useful prophylactically or therapeutically in pa- 
tients who either show elevation of serum choles- 
terol or fall into one or more of the following 
clinieal categories: male patients with precordial 
pain; overweight middle-aged patients of both 


sexes; patients with visibly tortuous superficial 
arteries; patients with elevated blood pressure 


Dosage: 1 tablespoonful 3 times daily before meals, 
alone or mixed with liquid or solid foods 


Supply: Bottles of 1 pint, each 15 ce. tablespoonful con- 
taining 4.5 grams of linoleic acid. 5 mg. of pyridoxine 
hydrochloride, and 20 mg. of mixed tocopherols as an 
antioxidant *TRADEMARK 


nictitating membrane of 
unanesthetized dog before 


dramatic 


ne of same dog eight 
admir stratior of 

Ke. CCOlIG Shows Gramatic 


bioc. Og 


Potent, orally and parenterally effective ganglionic blocking agent, 
FCO dramatically reversed the course of severe 
hypertension in some patients, and has prolonged their lives. It 

produces a longer lasting, smoother and more consistent and predictable 
response than either pentolinium or hexamethonium. However, as 

with all ganglionic blocking agents, the patient must be carefully 
managed. Before instituting treatment with 0 mae 

advised that the physician be thoroughly familiar with this drug’s effects 
as well as side effects. Complete literature may be obtained from the 


Medical Service Division, CIBA, Summit, New Jersey. | 


SUPPLIED: rasrets (Rotocotes), 10 mg. (orange), 25 mg. (ivory) 
and 50 mg. (pink). PARENTERAL SOLUTION: Ampuls, 1 mi., 5 mg. per ml. 


ECOLID® chloride (chiorisondamine chloride C!IBA) 
ROTOCOTES® (compressed, dry-coated tablets CIBA) 


{ : J j ; A 1. Plummer, A.J., Trapold, J.H., Schneider, J.A., Maxwell, R.A., and a 
SUMMiT, WN J 2/24"%\mK Farl, A.E.: J. Pharmacol. & Exper. Therap. 115:172 Oct.) 1955. 
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EVEN STUBBORN 
TRICHOMONIASIS YIELDS TO 


“TWO STEP" TREATMENT 


You can assure thorough eradication of 
trichomonads as well as rapid relief from itching 
and burning with this combined therapy: 


STEP 


Control in your office—to minimize 

patient failures: TRICOFURON VAGINAL POWDER 
(0.1% Furoxone®, brand of furazolidone, 

in an acidic powder base). Applied 

by the physician at least once 

a week, except during menstruation. 


NEW for easy insufflation: 

plastic ‘puffer’ bottle of 15 Gm., 
supplied with 3 sanitary disposable tips. 
Also available: glass bottle of 30 Gm. 


Continued home use to maintain trichomona- 
cidal action: TRICOFURON VAGINAL SUPPOSITORIES 
(0.25% Furoxone in a water-miscible base). 


Employed by the patient each morning 
and night the first week and each 

night thereafter—through one cycle, 
including the important menstrual days. 


Box of 12, each hermetically sealed in green foil. 
ol I. The Antimicrobial Nitrofurans—Products of Eaton Research 


° 
EATON LABORATORIES &) NORWICH, NEW YORK 


a 


FOR THE ENTIRE RANGE OF RHEUMATIC-ARTHRITIC 


DISORDERS —from the mildest 
to the most severe 


many patients with M'LD involvement can be effectively 
controlled with 


many patients with MODERATELY SEVERE involvement 
can be effectively controlled with 


and NOW for patients with 
SEVERE involvement 


MULTIP BPSSED TABLETS 


PROLONE 


The first meprobamate-prednisolone therapy 


the one antirheumatic, antiarthritic that 
simultaneously relieves: (1) musclespasm 
(2) joint inflammation (3) anxiety and 
tension (4) discomfort and disability. 


SUPPLIED: Multiple Compressed Tablets | 
in three formulas: ‘MEPROLONE’-5— 4 
5.0 mg. prednisolone, 400 mg. meproba- ff 
mate and 200 mg. dried aluminum hy- 
droxide gel. ‘MEPROLONE’-2— 2.0 mg. 
prednisolone, 200 mg. meprobamate and 
200 mg. dried aluminum hydroxide 
gel. ‘MEPROLONE’-1I supplies 1.0 mg. 
prednisolone in the same formula as 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC. 
PHILADELPHIA 1, PA. 


*MEPROLONE'’ is a trademark of Merck & Co., Ine, 
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PRACTICAL 


DIET THERAPY 


LMOST every physician makes use of nu- 
A tritional principles and practice in his 
daily work. This is the point of view 
underlying The American Journal of Clin- 
ical Nutrition which conceives of nutrition 
as an adjunct in the total care of every 
patient. Cutting across arbitrary boun- 
daries of specialties, nutrition is used by 
internist, surgeon, pediatrician and obstetri- 
cian alike. It has been called “the corner- 
stone of preventive medicine, the hand- 
maiden of curative medicine, and the re- 
sponsibility of every physician.” 

As part of our objective of integrating 
modern concepts of nutrition into clinical 


Nutrition features a series of authoritative 
articles in the field of diet therapy. Written 
by eminently qualified experts in the field 
these concise, up-to-date reviews are pre- 
pared for the clinician in practice. The 
articles in this series have attracted con- 
siderable interest and in order to make 
them conveniently available for reference 
and use the publishers have reprinted them 
in a combined form. ‘This seminar on 
practical nutrition presents a point of view 
rarely found in 
monographs offering a guide to better prac- 
tice which is, after all, the goal of all med- 


traditional textbooks or 


practice, The American Journal of Clinical — ical workers. 


80 Pages—12 Charts 
PRICE $2.00 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


| 11 East 36th Street, New York 16, N. Y. 


when anxiety and tension “erupts” in the G. |. tract... 


DUODENAL ULCER 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of duodenal ulcer — without fear of barbiturate loginess, hangover or 
habituation... w7f/k PATHILON (25 m g.) the anticholinergic noted for its extremely low toxicity 


and high effectiveness in the treatment of many G.I. disorders. 
Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. 


Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridihexethy! lodide Lederle 
LEODERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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BAS 


MECAMYLAMINE HYDROCHLORIDE 


INVERSINE-a secondary amine, different 
from all other ganglionic blocking agents— 
has many clinical advantages: 1.Gives repro- 
ducible effects. 2. Is most potent of all oral 
ganglionic blockers. 3. Provides smooth and 
predictable response. 4. Is completely 
absorbed. S. Onset of action is gradual. 
6. Small oral dose gives desired hypotensive 
effect. 7. Is effective even in patients refrac- 
tory to other ganglionic blockers. 


Dosage: Initial dose, 2.5 mg. twice daily, increased by 2.5 mg. at 2-day 
intervals. Average daily dose 25-30 mg. 

Supplied: 2.5 mg. scored tablets and 10 mg. quarter-sected tablets in bot- 
ties of 100. 


INVERSINE iS A TRADEMARK OF MERCK &@ CO., INC. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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troublea with a quanaary synar 


The leading symptom is: Would you 
prefer to receive only that pharmaceutical 
product information which you request? 
Presuming that you might, we’re offering 
a method for you to control your mail. 

Currently, we're sending no regular 
mailings for product promotion. But, of 
course, the information is available. Simply 
write on your R blank the names of the 
Massengill products you’re interested in, 
and mail it to us. Forthright, we'll for- 
ward the literature. 

Just to remind you, over the page we've 
listed a number of the leading Massengill 
pharmaceutical products. Please write to 
us, if you want more information about 
any of them. 


THE 
S. E. MASSENGILL 
COMPANY 


Bristol, Tennessee 


please turn the page 


i 
4, 
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THE S. E. MASSENGILL COMPANY 


Bristol, Tennessee 


Obedrin® To help the overweight patient establish 
correct eating patterns. 


Homagenets* The only solid homogenized vitamins. 
Three formulas: prenatal, pediatric, and therapeutic. 


Livitamin” The preferred hematinic, with peptonized 
iron. 


Salcort® Cortisone-salicylate therapy, without undesir- 
able side reactions. 


Massengill® Powder The non-irritating douche which 
enjoys unusual patient acceptance. 


Aminodrox® Wider usefulness for aminophylline. De- 
pendable, convenient oral therapy. 
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PICK THE PIPERIDOL 
BEST FOR YOUR PATIENT 


for pain= spasm for peptic ulcer for generalized 
of the upper G.I. tract G.I. disorders 
capsule | tablet tablet 
® ® 

DACTIL Piri AL TRIDAL 
Brand of Piperidolate HC} Brand of Pipenzolate (DACTIL+ PIPTAL—in one tablet) 

Methylbromide 
visceral eutonic cholinolytic rapid, prolonged relief 
relieves gastroduodenal normalizes motility throughout 
and biliary pain=spasm and secretion; prolongs the G.I. tract 
—usually in 10 minutes remissions, curbs 

recurrences 


LAKESIDE 


Patients on DACTIL, PIPTAL and TRIDAL 
remain singularly free of antispasmodic 
or anticholinergic side effects — 
urinary retention, constipation, dry 
mouth, blurred vision. 
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Now, from the safflower 


...an important, new aid 


for reduction 


of elevated cholesterol 


blood levels 


TRADEMARK 


(ABBOTT'S SAFFLOWER OIL EMULSION) 


PALATABLE, NEW EMULSION 
OFFERS THE HIGHEST PERCENTAGE 


OF UNSATURATED FATTY ACIDS i 


OF ALL VEGETABLE OILS . 
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Over recent years, the 
study of atherosclero- 
sis has strongly sug- 
gested that its contro] 
may be aided through 
the correction of hy- 
percholesteremia. It 

has been repeatedly 
observed, further, that the substitution of 
highly ungaturated fats for saturated fats 
reduces elevated cholesterol blood levels 
in certain individuals. 

With the highest percentage of unsaturated 
fats of all edible vegetable oils, Abbott’s new 
safiower oi! emulsion, SAFF, is thus indicated 
in the management of hypercholesteremia. 
Significantly, safflower oil, while representing 
a uniquely concentrated natural source of 
linoleie acid, contains the lowest percentage of 
saturated fatty acids. The following table 
shows the relation between fatty acid com- 
position and biological activity in a number 
of food fats: 


ESSENTIAL FATTY ACID ACTIVITY OF VARIOUS FOOD FATS 


Reiation to Composition 


Linoleic Other Saturated | Biological* 
Acid Polyenic Acids ~—s Activity 
[| Aeids | 

Safflower oil | 745% | — | 66% | 78.8% 
Soybean ou! -§3.3% 18% | 132% | 624% 
Cottonseed oil | 496% | 13% | 26 % | 48.5% 
Sesame oil 13 % | 28.2% 
Linseed oil 125% 521% 96% | 11.9% 
Olive oil 12 % 2%); 
Lard | 56% | 138% | 48%} 69% 
Tallow (beef) | 09% | 1HRi 53%] 15% 
Butter | 2% 17% | 
Margarine | | | 32%} - 
Coconut oil 1.9% ~ 82 11% 


*Relative potency for curing essential fatty acid deficiency in rats when linoleic acid 
is assigned a value of 100. Thomassen. H. J.- 
international Rev. of Vit. Res., 25-62, 1953. 


Fatty Acids”, 


“Biological Standardization of Essential 


In relating diet to blood cholesterol, one typi- 
cal study’ included five groups of human sub- 
jects, whose controlled diets alternated from 


REFERENCES: 


1. Beveridge, J. M. R.; Connell, W. F.; and Mayer, G. A.: 


large percentages of unsaturated fats to iden- 
tical percentages of saturated fats. Conclu- 
sions drawn were that plasma cholesterol in- 
creased with ingestion of saturated fats 
whereas a diet of unsaturated fats consist- 
ently decreased plasma cholesterol.Such studies 
strongly suggest that unsaturated fat can be of 
value in the regulating of hypercholesteremia. 


Clinical and Laboratory Findings 

In promoting the growth, well-being, and 
survival of experimental animals, safflower oil 
(SAFF) has proved much more effective than 
hydrogenated vegetable oil. Indeed, in the 
laboratory,? atheroma-like changes have been 
produced in rabbits on a purified ration con- 
taining hydrogenated vegetable oil. No such 
lesions resulted from the administration of 
comparable quantities of safflower oil. 

SAFF finds ready acceptance in the manage- 
ment of conditions where weight-gain is de- 
sirable—such as undernutrition or convales- 
cence. Moreover, from studies, such as those 
of Deuel and Reiser,’ it is evident that un- 
saturated fats have a special value in nutri- 
tion—one not shared by any other kind of 
food. 


Opportunity For Immediate Study 

SAFF’s true worth can best be demonstrated 
through studies in which it is administered to 
patients with hypercholesteremia, including 
those with atherosclerosis, or those having a 
tendency toward it. Again, in individuals with 
coronary disease, the effect of controlled es- 
sential fatty acid intake on cholesterol and 
lipid blood levels will be of particular signi- 
ficance. 

In many patients, substitution of SAFF for 
saturated fat in the diet will provide a demon- 
strable lowering of blood cholesterol. 

With a light butterscotch flavoring, SAFF 
is highly palatable right from the spoon. 
Mixes easily with most liquids as well as with 
a number of foods. 

SAFF’s recommended dosage is five table- 


spoons daily. Available 


in one-pint-bottles. 
‘Dietary Factors Affecting the 


Level of Plasma Cholesterol in Humans: The Role of Fat.’’ Canad. J. Biochem. & Physiol. 


34:441-55, May, 1956. 2. Lambert, G. F.; Olson, R. T.; 


Miller, J. P., Jr.; and Frost, D. V.: 


Laboratory Records, Nutrition Research, Abbott Laboratories, 1956-57. 3. Deuel, H. J. Jr., 
and Reiser, R.:‘‘The Physiology and Biochemistry of the Essential Fatty Acids.’’ Vitamins 


and Hormones, Volume 13, pp. 29-70, 1955 
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METHANESULFONATE (BENZTROPINE METHANESULFONATE) 


The distressing symptoms of parkinsonism— 
tremor, rigidity, contractures—can be con- 
trolled with COGENTIN. Because it is long- 
acting, one dose daily is sufficient.’ Side 
effects are few.’ A report on its 5-year use 
in S302 patients stated that COGENTIN is 
“...the most powerful orally given antispas- 
modic.”' For optimum results, COGENTIN 
may be administered in conjunction with 
other antiparkinson drugs. 

Reference: 1. J.A.M.A. 162:1031 (Nov. 10) 1956. 


COGENTIN |S A TRADEMARK OF MERCK & CO. INC. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., INC.. PHILADELPHIA 1, PA. 
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a safety-catch 
on the 
effort-emotion 


“trigger” 


vasodilator + calmative 


for comprehensive angina prophylaxis 


PENTRASINE inhibits precipitating stimuli... helps reduce the severity and frequency of 
anginal attacks through the complementary action of its three components. Rauwolfia 
preparations and pentaerythritol tetranitrate, for example, when given together produce 
greater benefits than either drug used alone.' The reserpine alkaloid of rauwolfia also 
enhances the gentle sedation induced by Butiso] Sodium" with mild, safe tranquilization. 
Thus PENTRASINE represents a comprehensive and rational approach to angina manage- 


ment. Plan to try PENTRASINE soon. 


Each scored pink tablet contains: 
-Pentaerythritol Tetranitrate—10 mg.—best of the long-acting coronary vasodilators* 


Butisol Sodium" Butabarbital Sodium—10 mg.—intermediate sedative ideally suited to 
long-term therapy’ 
Reserpine —0.05 mg.—effective adjunct in the management of angina pectoris’ 


Suggested Dosage: One tablet four times a day before meals and at bedtime. 
Note: PENTRASINE is not intended for treatment of acute attacks of angina pectoris, but rather for routine daily use as 
a preventive measure. 
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Editorial 


The Syndrome of Alveolar Hypoventilation 


“As I walk round a tree, I learn that the parts still visible, those that have just disappeared and those 
now coming into view, are continuous and belong to the same tree.” 


A the physician was confined to physical and 
x-ray examination of the chest and to bacterio- 
logic examination of the sputum, interest in 
chest disease centered around anatomic and 
etiologic diagnosis of structural abnormalities of 
the lungs. The greatest yield from the use of these 
tools has been in the characterization of localized 
pulmonary disease. With the application of 
physiologic methods to the study of the respira- 
tion and circulation in man, the focus has 
widened to include generalized pulmonary 
diseases and the changes in body economy which 
they effect. 

A particularly fruitful approach to the prob- 
lem of diffuse pulmonary disease has been the 
separation of the physiologic manifestations of 
diverse anatomic lesions, induced by a wide 
variety of etiologic agents, into two broad 
groups: (1) disruption of the normal balance be- 
tween alveolar ventilation and perfusion, and 
(2) impediment to the exchange of oxygen, and 
ultimately to carbon dioxide, between alveolar 
air and pulmonary capillary blood. The first 
group is typified by chronic obstructive pul- 
monary emphysema; the second is illustrated 
by the diseases of the pulmonary interstitium, 
i.e. “‘alveolar-capillary block.’ This approach 
has been tempered by the awareness that com- 
binations of these two groups are common and 
that in far advanced disease, with marked 
changes in the gaseous composition of arterial 
blood, the physiologic bases for distinction 
become blurred. 

Recently, a third pattern has emerged in 
which arterial hypoxemia and hypercapnia, of a 


long as the diagnostic armamentarium of 
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degree comparable to that observed in the 
most extensive pulmonary disease, occur in pa- 
tients with normal lungs; in this instance, poor 
performance of the chest bellows rather than 
intrinsic lung disease underlies the inadequate 
exchange of gases between ambient air and 
arterial blood. 

The chest bellows is the target of a ventila- 
tory drive synthesized in the respiratory center. 
In the upper half of Figure 1 the respiratory cen- 
ter is depicted as a switchboard upon which 
afferent stimuli converge, and from which motor 
stimuli are channeled into the appropriate 
neuromuscular pathways to drive the chest bel- 
lows. For the sake of convenience and presum- 
ably with little sacrifice in concept, intracel- 
lular and arterial blood pH have been ignored, 
and the arterial blood carbon dioxide tension 
(Pco,) has been singled out as the dominant 
stimulus to ventilation. 

The lungs have been deliberately omitted from 
this figure since their anatomic position renders 
them dependent on the chest bellows for their 
expansion. Their primary contribution to the 
ventilatory drive is indirect and stems from their 
control of the level of arterial blood Peo,; the 
latter, in turn, depends on the adequacy with 
which alveolar ventilation exposes pulmonary 
capillary blood to fresh alveolar air. The repre- 
sentation in Figure 1 consequently emerges as a 
servo-mechanism in which alveolar ventilation, 
a by-product of the excursions of the chest wall, 
regulates the output of efferent ventilatory 
stimuli to the chest bellows by adjusting the level 
of arterial blood Pco,. 

The arterial blood Peco, may then be con- 


~ 
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Fic. 1. Schematic representation of the regulation of ventilation. 


sidered as the pivot in the regulation of ventila- 
tion. In normal subjects at sea level, its value 
deviates little from 40 mm. Hg, even during 
moderate exercise. This value reflects a delicate 
balance between the metabolism and alveolar 
ventilation of the subject; an arterial blood 
Poco, appreciably greater than 40 mm. Hg conse- 
quently defines alveolar hypoventilation; con- 
versely, an arterial blood Poco, less than 40 mm. 
Hg defines alveolar hyperventilation. 

It has been repeatedly demonstrated that in 
normal human subjects the alveolar Peco, is 
virtually identical with arterial blood Pgo,. In 
Figure 2 is illustrated a graphic solution of the 


mathematical relationship between alveolar 
(or arterial blood) Pco,, metabolism (Vo,) and 
alveolar ventilation (V4). The sloping line, 
derived for alveolar Poco, = 40 mm. Hg, sepa- 
rates the shaded zone of alveolar hypoventila- 
tion from that of hyperventilation. 

Arterial hypoxemia, expressed as a decrease 
in oxygen tension, is an invariable concomitant 
of alveolar hypoventilation. However, in prac- 
tice, hypoxemia is a less reliable guide to the 
detection of alveolar hypoventilation than is the 
arterial blood Peco, since: (1) hypoxemia may 
occur in a variety of other conditions, (2) it is 
obscured when enriched oxygen mixtures are 


AMERICAN JOURNAL OF MEDICINE 


A Editorial! 
‘| 
| 
eRe) 
692 
| CHEST BELLOWS 
oe 


Editorial 


1\6— 
HYPERVENTILATION 
Va 
HYPOVENTILATION 


0.2 0.4 0.6 0.8 1.0 1.2 
Vo, 
MIN. 


Fic. 2. Relation between alveolar ventilation (V,) and Os consumption 


(Vo,) in the steady state. 


breathed, and (3) the estimation of arterial 
blood Po, at relatively normal levels of oxygena- 
tion is considerably more difficult than the 
estimation of alveolar and arterial blood Pco.,. 

Obviously, the balance between alveolar 
ventilation and the metabolic production of car- 
bon dioxide must be precise in order to maintain 
a relatively constant arterial blood Peo, over a 
wide range of metabolic activity. It is also clear 
that barely perceptible reductions in alveolar 
ventilation may suffice to establish arterial 
hypercapnia, respiratory acidosis and arterial 
hypoxemia. Indeed, in the normal subject the 
onset of chronic alveolar hypoventilation must 
perforce be insidious since deliberate attempts 
at underventilation, such as may be accom- 
plished by breath holding or by the application 
of a restrictive chest binder, are defeated by an 
overpowering ventilatory drive. Consequently, 
it is not surprising that the clinical detection of 
alveolar hypoventilation prior to the advent of 
somnolence and cyanosis is generally exceedingly 
difficult. 

‘The unfavorable consequences of alveolar 
hypoventilation arise from the abnormalities 
in blood gas composition. If the carbon dioxide 
retention is sufficiently severe and rapid in onset, 
narcosis and death may occur. However, 
hypoxemia, rather than hypercapnia, is largely 
responsible for the dire consequences of alveolar 
hypoventilation; the deleterious effects of sys- 
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temic hypoxemia are exerted by imposing a 
circulatory burden on the right side of the heart. 
This circulatory overload stems from polycy- 
themia, hypervolemia, increased cardiac output 
and pulmonary hypertension; that it derives 
from hypoxemia rather than hypercapnia is 
demonstrated by the strain on the right side of 
the heart which is often manifested by the 
hypoxemic, Aypocapnic residents at high altitude. 

A similar combination of carbon dioxide 
retention and arterial hypoxemia may occur 
late in the course of chronic obstructive pul- 
monary emphysema. I[t is worthy of emphasis 
that even though the end-point is the same— 
no matter how alveolar hypoventilation is pro- 
duced—the pattern of evolution of these ab- 
normalities in blood gas composition is strik- 
ingly different. ‘Thus, in emphysema the patchy 
nature of the disease process is responsible 
for an intermediate stage of arterial hypoxemia 
without hypercapnia; during this stage the 
hyperventilation of well-perfused alveoli ac- 
complishes, by virtue of differences in blood gas 
dissociation curves, an adequate output of car- 
bon dioxide without compensating for the 
diminished uptake of oxygen in underventilated 
areas of the lung. It is only in time, as the disease 
progresses or as infection is superimposed, that 
the compensatory effect of these hyperventilated 
alveoli becomes ineffective and ‘“‘net’’ alveolar 
hypoventilation ensues. By way of contrast, it 


330 Editorial 


should be stressed that throughout the entire 
course of alveolar hypoventilation in patients 
with normal lungs, hypoxemia and_hyper- 
capnia go hand-in-hand. 

As has already been pointed out, in patients 
with normal lungs alveolar hypoventilation is a 
result of insufficient ventilatory drive. In 


accord with the schematic representation of 


Figure 1, a diminution in ventilatory drive may 
be visualized as a consequence of derangement 
at any one of four general “‘sites’’: stimulus, 
respiratory center, neuromuscular coordination 
or chest bellows. Although convenient from the 
point of view of presentation, this approach is 
obviously an oversimplification since disease 
may simultaneously affect more than one factor 
in the regulation of ventilation. 

Alveolar hypoventilation secondary to dis- 
turbances in neuromuscular coordination occurs 
as a major event in the course of poliomyelitis | 7) 
and of myasthenia gravis. In these instances the 
factors responsible for alveolar hypoventilation 
are sufficiently clear as to warrant no further 
amplification. 

Another basis for a diminished ventilatory 
drive is a deficiency in ventilatory stimuli. Such 
a mechanism may contribute to the transient 
periods of hypoventilation which characterize 
Cheyne-Stokes breathing. 


On the other hand. a sustained state of 


hypoventilation due to a primary lack of a major 
stimulus can occur only under select circum- 
stances because of concomitant changes in the 
sensitivity of the respiratory center and in the 
contribution of other stimuli. For example, a 
sustained state of hypoventilation due to a 
chronic deficiency of the Peco, stimulus is gen- 
erally defeated by the combination of a hypoxic 
stimulus and a heightened sensitivity of the 
respiratory center to the Pco, stimulus; this type 
of adjustment is characteristic of residents at high 
altitudes. Conversely, in metabolic alkalosis the 
decrease in pH stimulus is apparently accom- 
panied by a diminution in sensitivity to both the 
pH and Peco, stimuli [2]; this adjustment may 
then serve as a device to restore tissue and blood 
pH toward normal levels. 

i Lukas, D. S. and Pium, F. Pulmonary function in 
patients convalescing from acute poliomyelitis with 
respiratory paralysis. Am. J. Med., 12: 388, 1952. 

2 ALEXANDER, J. K., West, J. R., Woop, J. A. and 
RicuHarps, D. W. Analysis of the respiratory response to 
carbon dioxide inhalation in varying clinical states of 
hypercapnia, anoxia and acid-base derangement. 
J. Clin. Investigation, 34: 511, 1955. 


Probably the most clear-cut demonstration of 
the relation between alveolar hypoventilation 
and inadequate chemical stimulation is observed 
when hypoxemia, usually a minor stimulus, is 
completely relieved in patients with pre-existing 
alveolar hypoventilation and hypercapnia; in 
such patients, the complete relief of hypoxemia, 
as by the administration of pure oxygen, aggra- 
vates the alveolar hypoventilation, occasionally 
to the point of apnea [3]. 

The remainder of this discussion will be con- 
cerned with the clinical expressions of derange- 
ments at the two remaining “‘sites,”’ the respira- 
tory center and the chest bellows. 

The respiratory center may conceivably sufler 
two general types of depression: (1) anatomic, 
due to strategically located lesions in the 
medulla, or (2) physiologic, due to changes in its 
chemical milieu. The first group is exemplified 
by the injuries of bulbar poliomyelitis and 
vascular thrombosis; the second is illustrated by 
patients with chronic carbon dioxide retention. 
Distinction between anatomic and physiologic 
derangements may be lost once carbon dioxide 
retention is established. 

There are, indeed, few instances in which 
anatomic injury may be invoked with any degree 
of assurance. A few such patients have been 
reported with either a history of antecedent in- 
flammatory disease of the central nervous sys- 
tem |4,.5) or a mechanism for vascular thrombo- 
sis [6|. They are characterized by polycythemia. 
arterial hypoxemia and hypercapnia, with nor- 
mal lungs and chest bellows. On testing, they 
fail to augment ventilation appreciably either 
during carbon dioxide breathing or during exer- 
cise; in striking contrast to this deficiency in 
involuntary control is the normal voluntary maxi- 
mum ventilatory capacity. It must be stressed 
that the evidence for anatomic injury in 
these subjects remains circumstantial. How- 
ever, since polycythemia per se is not associated 

FisHMan, A. P., Samet, P. and Cournanp, A. Venti- 
latory drive in chronic pulmonary emphysema. Am. J. 
Med., 19: 533, 1955. 

*Rattro, O., Briscor, W. A., Morton, J. W. and 
Comrog, J. H. Anoxemia secondary to polycythemia and 


polycythemia secondary to anoxemia. Am. J. Med., 19: 


958, 1955. 
5 RicHTerR, T., West, J. R. and Fisuman, A. P. The 


syndrome of alveolar hypoventilation and diminished 
sensitivity of the respiratory center. New England J. Med., 


(In press.) 
6 NeEwMAan, W., FerttmMan, J. A. and Deviin, B. Pul- 


monary function studies in polycythemia vera. Am. J. 
Med., 11: 706, 1951. 
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with respiratory depression and since no other 
mechanism is apparent, these cases do appear 
to be instances of primary anatomic injury to the 
respiratory center. 

In contradistinction to the sparsity of evidence 
for anatomic injury to the respiratory center is 
the large body of observations which support 
the role of chronic carbon dioxide retention in 
accomplishing physiologic depression of the 
respiratory center. As examples, one may cite the 
decrease in sensitivity to the Pco, stimulus during 
sleep [7], and during prolonged residence in 
ambient air enriched with carbon dioxide |&!; 
in the latter instance, normal sensitivity is 
restored after the subject returns to carbon 
dioxide-free ambient air. Evidence also exists 
that diminished sensitivity of the respiratory 
center is a mechanism which makes possible the 
prolonged submersion of diving mammals |9 . 
This concept of a functional diminution in 
sensitivity to the Peo, stimulus has been carried 
over to patients with chronic obstructive pul- 
monary emphysema. However, in these subjects 
obstructive disease of the tracheobronchial tree 
and impaired ventilatory function of the chest 
bellows complicate assessment of the role of 
diminished sensitivity of the respiratory center in 
limiting minute ventilation. 

Within the last few vears, as a result of re- 
newed interest in estimating the work of breath- 
ing, considerable insight has been gained into the 
role of the chest bellows in producing alveolar 
hypoventilation. For this type of evaluation the 
concept of ‘“‘chest bellows” has been broadened 
to include not only the thoracic cage but also the 
adjacent structures involved in breathing, such 
as the diaphragm, the abdominal panniculus 
and the abdominal contents. Failure of the chest 
bellows to accomplish adequate ventilation has 
been described in various clinical situations: 
encasement of the normal lungs by an envelope 


7 Miuis, J. N. Changes in alveolar carbon dioxide ten- 
sion by night and during sleep. J. Physiol., 122: 66, 1953. 

SCHAFER, K. E. Atmung und 
gewicht bei langdauerndem Aufenthalt in 3° 
Arch. ges. Physiol., 251: 689, 1949. 

* IrvinGc, L. Respiration in diving mammals. Physzol. 
Rev., 19: 112, 1939. 

10 Fe_TMAN, J. A., NEWMAN, W., SCHWARTZ, A., STONE, 
D. J. and Lovetock, F. J. Cardiac failure secondary to 
ineffective bellows action of the chest cage. J. Clin. 
Investigation, 31: 762, 1952. 

11 Sreker, H. O. Estes, E. H., Jr., Kevser, G. A. and 
MclInrosn, H. D. A cardiopulmonary syndrome asso- 
ciated with extreme obesity. J. Clin. Investigation, 34: 916, 
1955. 
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of inelastic tissue |70|, obesity [7/—-/4|, and con- 
version of the resilient chest bellows into a rigid 
ankylotic structure during the course of arthritis 
or by disease of the vertebral column | 73,76). 

In Figure 3 is illustrated the work of breathing 
in: (1) an obese patient, (2) a patient with 
advanced kyphoscoliosis, and (3) a patient with 
severe ankylosing spondylitis. For the sake of 
reference, the work of breathing of a normal! 
subject is also included. In such studies the total! 
work of breathing is estimated by passively 
ventilating the relaxed patient in a body respi- 
rator while recording tidal volumes and intra- 
respirator pressures. Work done on the lung 
alone is estimated from simultaneously recorded 
intra-esophageal pressures; work done by the 
chest bellows is calculated as the difference 
between the total work and the work done 
on the lung. 

The response of these three patients is similar 
in many respects. At lower levels of ventilation, 
work done on the lung remains fairly normal: 
however, even at these levels work done in mov- 
ing the chest bellows is abnormally high. As the 
tidal volume is increased, the total work of 
breathing increases markedly, affecting pre- 
dominantly, but not exclusively, the work of 
the chest bellows. 

Before proceeding further, four simple con- 
cepts concerning the work of breathing warrant 
emphasis: (1) the work of breathing is done 
against two general types of resistance: elastic 
and inelastic, (2) the work against elastic 
resistance is increased as the square of the tidal 
volume, (3) the work against inelastic resistances 
is increased in direct proportion to an increase in 
respiratory frequency, and (4) the breathing 
pattern adopted by any particular subject is 
automatically adjusted to minimize the work of 

12 AucHINCLOoss, J. H., Jr., Coox, E. and RENzZeErTI. 
A. D. Clinical and physiological aspects of a case of 
obesity, polycythemia and alveolar hypoventilation. 
J. Clin. Investigation, 34: 1537, 1955. 

13 BURWELL, C. S., Rogin, E. D., WHALEY, R. D. and 
BICHELMAN, A. G. Extreme obesity associated with 
alveolar hypoventilation—a Pickwickian syndrome. Am. 
J. Med., 21: 811, 1956. 

Carrot, D. A peculiar type of cardiopulmonary 
failure associated with obesity. Am. J. Med., 21: 819, 
1956. 

CHAPMAN, E. M., D. B. and GrAysBILL, A. The 
decrease in functional capacity of the lungs and heart 
resulting from deformities of the chest. Afedicine, 18: 167, 
1939. 

16 FisHMAN, A. P., BERGorsky, E. H., Turtno, G. M.., 
JAMESON, A. G. and RicHarps, D. W. Circulation and 
respiration in kyphoscoliosis. Circulation, 14: 935, 1956. 
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Fic. 3. The work of breathing in diseases associated with impaired function of the chest bellows. 


breathing [7/7]. When these considerations are 
coupled with the experimental observations, 
alveolar hypoventilation emerges as an unfortu- 
nate by-product of an unconscious attempt to 
minimize the energy expended in breathing. 
The manner in which this economy is effected 
depends on the nature of abnormality which 
underlies the poor performance of the chest 
bellows. 

Thus, patients with kyphoscoliosis have an 
increased elastic resistance of the lung and chest 
wall; they adopt a breathing pattern character- 
ized by small tidal volumes and high respiratory 
rates. Such a pattern is most effective in mini- 
mizing the elastic component of the work of 
breathing. However, even though total ventila- 
tion is thus maintained, alveolar ventilation is 
sacrificed for the sake of dead space ventilation. 

The obese person, on the other hand, suffers 
from an increase not only in elastic resistance of 
the lung and chest wall but also in the non- 
elastic resistances of the chest wall. The latter 
predominate, and are probably related in large 
part to the augmented tissue viscosity and 
inertial forces which are involved in mobilization 
of the obese abdomen, the diaphragm and the 
chest. Some obese individuals adopt a breathing 


17 Oris, A. B., Fenn, W. O. and Raun, H. Mechanics 
of breathing in man. J. Clin. Investigation, 2: 592, 1950. 


pattern in which total ventilation, respiratory 
frequency, tidal volume and alveolar ventilation 
are all abnormally low. Unfortunately, the 
natural history of obesity to the point of alveolar 
hypoventilation has not yet been documented. 
Consequently, there remains to be defined: 
(1) the type of obese patient in whom alveolar 
hypoventilation develops, (2) the transition in 
breathing pattern which characterizes the onset 
of alveolar hypoventilation, and (3) the con- 
tribution of a depressed respiratory center to 
the breathing pattern once carbon dioxide reten- 
tion is established. 

It is apparent that some subjective relief of 
respiratory distress (dyspnea) may be afforded 
the patient with impaired chest bellows by 
either altering the pattern of breathing or by 
maintaining total minute ventilation at low and 
more comfortable levels. It is also clear that 
augmented carbon dioxide levels in blood make 
possible a normal output of metabolic carbon 
dioxide despite a lowered alveolar ventila- 
tion [78] since the rate of carbon dioxide output 
= rate of alveolar ventilation X per cent of car- 


_bon dioxide in alveolar air. Nonetheless, all this 


gain comes to naught when alveolar hypoven- 


18 Rirey, R. L. Editorial: the work of breathing and its 
relation to respiratory acidosis. Ann. Int. Med., 41: 172, 
1954. 
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tilation causes sufficient systemic hypoxemia to 
impose a circulatory burden. 

The treatment of alveolar hypoventilation in 
patients with normal Jungs is based on the fore- 
going considerations. Except for relief of im- 
mediate problems, such as congestive heart fail- 
ure and/or respiratory infection, the aim of 
treatment is an increment in alveolar ventilation: 
the particular method used to accomplish this 
goal depends on the initiating mechanism. 

A variety of mechanical aids are available to 
assist the patient in achieving an increase in 
minute and alveolar ventilation. ‘Thus, in in- 
stances of complete paralysis of the respiratory 
muscles, substitution of an automatic respira- 
tor for the patient’s chest bellows may be neces- 
sary. In other instances, as in the obese in- 
dividual, voluntary hyperventilation or an 
apparatus triggered by the patient’s own inspira- 
tory effort may be all that is required. The 
equipment to be used must be selected with care; 
in applying non-automatic cycling apparatus to 
patients with carbon dioxide retention, the 
inspired oxygen mixture is of paramount impor- 
tance, since the breathing of pure oxygen may 
completely relieve the hypoxic stimulus and fail 
to provide sufhcient drive for the initiation of 
inspiration. Finally, it may be noted that arti- 
ficial respirators are generally effective in reliev- 
ing alveolar hypoventilation even in patients 
with a severe skeletal deformity and an ap- 
parently immobile chest. 

It is apparent that these mechanical measures 
are purely palliative. The ideal of therapy is the 
re-setting of the regulatory apparatus so as to 
effect automatically a normal alveolar ventila- 
tion. This type of response has been observed in a 
few subjects following relief of the inciting 
mechanism, e.g. obesity [77,73]. On the other 
hand, such a goal may be unattainable, either in 
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a potentially reversible situation in which the 
initiating mechanism or hypercapnia is allowed 
to persist or, if irreversible, anatomic injury has 
affected either the respiratory center or muscles. 

A critical question with regard to prognosis 
and therapy is the effect of sustained hypercapnia 
and hypoxemia, either singly or in combination, 
in producing irreversible damage to the respira- 
tory center. [he few observations on obese indi- 
viduals suggest that sensitivity to the Peo. 
stimulus may be restored following weight loss 
and relief of carbon dioxide retention. However, 
the degree of reversibility which may be antici- 
pated in other types of alveolar hypoventilation 
remains to be established. 

Finally, experience with intrinsic disease of the 
lung suggests that drugs may offer the prospect 
of either increasing the sensitivity of the respira- 
tory center to chemical stimuli or directly 
stimulating it to the generation of a greater 
ventilatory drive. However, at the present time 
it may be categorically stated that the best means 
for reversing a depression of the respiratory cen- 
ter elicited by hypercapnia is the prompt relief of 
the hypercapnia by mechanical hyperventilation. 

Alveolar hypoventilation due to inadequate 
performance of the chest bellows has been, and 
promises to remain, a fruitful concept. Under its 
cloak have now been gathered many diverse 
clinical disorders characterized by impaired 
regulation of ventilation; others undoubtedly 
exist and await recognition. 
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Effect on Muscle Function 
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OTASSIUM ions have an important role in 

muscle function. [The excitability and con- 
tractility of muscle are strongly influenced by the 
concentration of potassium within and outside 
of the muscle cell, and both excitation and con- 
traction result in the movement of this ion across 
the muscle membrane. 

In experimental animals the resting muscle 
fiber normally has a potential difference of 
approximately 90 millivolts (mV.) between the 
two sides of the surface membrane, the inner sur- 
face being: negative with respect to the outer 
surface [7,2]. It is therefore said to be in a state of 
polarization. Stimulation of the muscle fiber 
through its motor nerve results in the release 
from the motor nerve endings of acetylcholine 
(ACh), which depolarizes the fiber in the region 
of the motor end-plate. This initiates a wave of 
depolarization and subsequent repolarization, 
termed the muscle action potential, which is 
propagated along the muscle fiber and, in turn, 
initiates muscle contraction. Depolarization 
appears to be due to a temporary increase in 
permeability of the muscle membrane to sodium 
ions, allowing them to penetrate into the cell. 
Repolarization is accomplished by an outward 
flow of potassium ions [3]. The resting muscle 
membrane potential is believed to be propor- 
tional to the logarithm of the ratio between the 
intracellular and extracellular concentrations of 
potassium. Increasing this ratio by lowering the 
concentration of potassium in Ringer’s solution 
bathing isolated muscle increases the membrane 
potential, while decreasing the ratio by raising 
the extracellular concentration or lowering the 


intracellular concentration has the opposite ef- 
fect [7,2]. 

Muscle membrane potentials have not yet 
been measured in man. Therefore, direct infor- 
mation is not available concerning their role in 
abnormalities of skeletal and cardiac muscle 
function associated with disturbances in potas- 
sium metabolism, such as hyperkalemia due to 
renal insufhciency; hypokalemia due to admin- 
istration of insulin and glucose or of adrenal 
cortical hormones; excessive loss of potassium 
in urine, stools or vomitus; deficient intake; or 
familial periodic paralysis. The role of the ratio 
of intracellular to extracellular concentration of 
potassium has been difficult to assess because of 
the paucity of precise information concerning the 
concentration of this ion in the muscle cells. 
Indirect evidence has indicated that there is 
an increase in intramuscular concentration fol- 
lowing the administration of potassium chloride 
|4,5| or epinephrine [6| to experimental animals, 
and a decrease following potassium depletion [7], 
exercise |&], or the administration of glucose |&], 
insulin [8] or adrenal cortical hormones [9] to 
animals or man. | 

In this communication a report is made 
of the effect of muscle contraction, rest, 
and the administration of glucose, insulin, 
epinephrine and potassium chloride on move- 
ment of potassium and skeletal muscle function 
in man. Movement of potassium was detected 
by measuring changes in the difference between 
the arterial and venous plasma concentrations of 
this ion in the forearm. Since muscle con- 
stitutes the greatest part of metabolically active 
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tissue in the forearm, this movement was 
ascribed to changes in the concentration of 
potassium in the muscle cells. The influence of 
alterations in the intracellular and extracellular 
concentrations of potassium on muscle function 
was determined by measurement of muscle 
responsiveness and contractility, and of ease of 
depolarization by the intra-arterial injection of 
ACh or neostigmine, which produce prompt 
depression of muscle function due to persistent 
depolarization in the region of the motor end- 
plates [70-72]. An increase in this depolarizing 
action was considered to be compatible with di- 
minished membrane potential (depolarization), 
and a decrease with heightened membrane 
potential (hyperpolarization). Such a correla- 
tion has been demonstrated in the experimental 
animal following partial depolarization of the 
muscle membrane by a cathodal current, and 
following hyperpolarization by an anodal cur- 
rent [73]. 

Evidence of movement of potassium out of 
muscle occurred following muscle contraction or 
the administration of insulin. Evidence of move- 
ment into muscle occurred following the ad- 
ministration of glucose or potassium chloride, 
and possibly following rest or the administration 
of epinephrine. Tetanic muscle contraction 
or administration of potassium chloride, which 
were believed to decrease the ratio of intra- 
cellular to extracellular concentration of potas- 
sium, resulted in heightened muscle contractility 
and greater ease of depolarization by ACh, 
compatible with decreased membrane potential. 
Administration of insulin, which was believed to 
increase the concentration ratio, resulted in 
slight resistance to depolarization by ACh, com- 
patible with increased membrane potential. 


METHODS 


Blood was drawn without stasis from the brachial 
artery and deep antecubital vein of fasting normal 
subjects through inlying 20-gauge Cournand-Riley 
needles into syringes containing 1 per cent sodium 
heparin in the dead space. The blood was promptly 
centrifuged for twenty minutes at 2,000 r.p.m., and 
the plasma recentrifuged twice. Plasma potassium 
concentration was determined in duplicate or 
triplicate by a flame photometer [74] in samples which 
showed no visible hemolysis, with four separate 
photometer readings of each diluted sample. The 
standard deviation of parallel replicate determinations 
was 1 per cent, and of replicate determinations on 
separate days, 3 per cent. Correction was made for 
dilution with an anticoagulant. 
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An average of two paired samples of arterial and 
venous blood was obtained before each procedure, 
and an average of four paired samples obtained after 
each procedure designed to study the movement of po- 
tassium. Paired samples were usually drawn less than 
one minute apart. A positive arteriovenous difference 
indicated uptake of potassium in the forearm drained 
by the venous blood, a negative difference indicated 
loss of potassium from the forearm, and lack of 
difference indicated the absence of detectable net 
uptake or loss. Since blood flow was not measured, 
the rate of uptake of potassium (blood flow times posi- 
tive arteriovenous difference) or the rate of loss (blood 
flow times negative arteriovenous difference) could 
not be calculated. However, the direction of move- 
ment of the ion at any time was indicated by the 
arteriovenous difference, and change in the direction 
of movement, which was analyzed on the basis of 
paired experiments, could be determined. Change 
from a negative arteriovenous difference, or from zero, 
to a positive difference indicated uptake of potassium 
by the forearm, and change from a positive arterio- 
venous difference, or from zero, to a negative differ- 
ence indicated loss of the ion from the forearm. Widen- 
ing of a negative arteriovenous difference indicated 
further loss of the ion from the forearm, and widening 
of a positive difference indicated further gain, only if 
the blood flow could be assumed not to have decreased. 

Drugs were injected into the brachial artery through 
the indwelling needle, as previously described [70]. 
These included insulin (Squibb), epinephrine hydro- 
chloride (Winthrop), hydrocortisone hemisuccinate 
(Upjohn), acetylcholine chloride (Merck) and 
neostigmine methylsulfate (prostigmin,® Hoffmann- 
La Roche). The volume of injection was 2 ml. in all 
instances, dilutions being made with isotonic saline 
solution. Immediately preceding each injection the 
pressure in a blood pressure cuff placed about the 
upper arm was raised to 300 mm. Hg to occlude the 
artery. The injection was made as rapidly as possible. 
and the pressure in the cuff immediately released. ‘The 
pressure was then raised to just above venous pressure 
for two to three minutes in order to retard escape of the 
drug into the systemic circulation. The intra-arterial 
injection of isotonic saline solution and constriction of 
the upper arm in the manner described did not signifi- 
cantly alter the potassium concentration in venous or 
arterial plasma obtained following release of the cuff. 

Muscle function was studied by percutaneous 
electrical stimulation of the ulnar nerve with supra- 
maximal pulses and by recording the evoked muscle 
action potentials and isometric tension from the adduc- 
tor pollicis brevis. Muscle action potentials and muscle 
tension produced in this way will be referred to as 
evoked or induced potentials and tension. The details 
of nerve stimulation and of muscle action potential 
recording have been described [70]. Isometric tension 
was recorded with the aid of a transducer tube myo- 
graph attached to the thumb by a chain and stirrup 
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[75]. To determine the effect of drugs such as ACh or 
neostigmine on the muscle response to nerve stimula- 
tion, these were injected into the brachial artery dur- 
ing intermittent stimulation of the ulnar nerve. Except 
when otherwise indicated, the standard pattern con- 
sisted of trains of four stimuli (interval between each 
stimulus, forty milliseconds) delivered every two to 
ten seconds. The injection was usually given after the 
fourth such train, so that a suitable pertod of response 
to nerve stimulation was recorded as a control. 


RESULTS 
PLASMA CONCENTRATION 


This was determined in twenty-three subjects 
on thirty-eight days. Prior to the insertion 
of cannulas into the brachial artery and deep 
antecubital vein the subjects had been engaged 
in normal aetivity. Blood samples were obtained 
five minutes after cannulation. The mean con- 
centration of potassium in the arterial plasma 
was 4.43 + 0.06 (standard error of mean) 
mEq./L., and in the venous plasma 4.54 + 
0.08 mEq./L. The venous concentration was 
higher than the arterial concentration in 
twenty-three determinations, lower in seven, and 
not significantly different in eight. The mean 
arteriovenous difference was —0O.11 + 0.04 
mEgq./L., which indicated a slight, but signifi- 
cant (P < 0.01) loss of potassium from the 
forearm. 


FACTORS WHICH MAY CAUSE MOVEMENT OF 
POTASSIUM OUT OF MUSCLE 


Muscle Contraction. Intermittent muscle con- 
traction evoked by supramaximal stimulation of 
the ulnar nerve by a train of four stimuli (forty 
milliseconds apart) repeated every two and one- 
half seconds for one and a half minutes resulted 
in an increase in venous potassium concentration 
in the exercised arm in twenty of twenty-three 
subjects... [The mean change was +0.25 mEq./L., 
which was significant. (Table 1.) The change 
was maximal immediately after cessation of 
muscle activity, and diminished during the 
following three to eight minutes. There was no 
significant change in venous potassium con- 
centration in the opposite arm or in arterial 
potassium concentration. The mean arterio- 
venous difference changed from 0.08 + 0.15 to 
—0.27 + 0.10 mEq./L., which was significant. 
In most of the range represented by the mean 
+ 2 X standard error of mean, the arterio- 
venous difference changed from a positive value, 
or from zero, to a negative value, indicating loss 


of potassium from the forearm. In the remainder, 
arteriovenous difference merely became more 
negative, indicating either increased loss of the 
ion from the forearm or a decrease in blood flow. 
Since muscle contraction is known to be fol- 
lowed by a marked increase in local blood flow 
[76], the former seems more likely. 

The average force of each muscle contraction 
was 4.2 kg. Weaker contractions evoked by sub- 
maximal nerve stimulation for the same period of 
time resulted in less increase in venous potas- 
sium, the degree of increase being roughly pro- 
portional to the strength of muscle contraction. 
However, stronger contractions of 10 kg. force 
evoked by tetanic nerve stimulation at 25 or 50 
per second for one and a half minutes resulted in 
approximately the same increase in venous 
potassium concentration as occurred following 
intermittent stimulation, although the increase 
lasted twice as long. Five to twenty minutes 
after either intermittent or tetanic muscle con- 
traction the venous potassium concentration 
sometimes decreased for several minutes below 
the arterial concentration, indicating uptake of 
potassium by the forearm following the period of 
loss. Repeated muscle activity resulted in di- 
minishing changes. 

ACh. In five of seven subjects the intra- 
arterial injection of 5 mg. ACh produced a 
slight increase in venous potassium concentration 
in the injected extremity, but the mean change 
(+0.06 mEq./L.) was not significant. When 
ACh was injected during intermittent muscle 
contraction the mean increase in venous potas- 
sium in twenty-four subjects was 0.16 + 0.05 
mEgq./L., which was not significantly different 
from that produced by contraction alone. ACh 
also produced marked local vasodilatation and 
visible arterialization of venous blood, as well as 
transient motor activity which was followed by 
weakness lasting from ten to twenty seconds [77]. 

Administration of Glucose Plus Insulin. In each 
of three subjects the intra-arterial administra- 
tion of 20 units of insulin two hours after the 
ingestion of 125 gm. of glucose resulted in reduc- 
tion in arterial potassium concentration by a 
mean of 0.87 mEq./L., and in venous potassium 
by a mean of 0.58 mEq./L. (Table 1 and Fig. 1.) 
This effect was maximal within an hour after 
injection. (Fig. 2.) The degree of change varied in 
the three subjects, so that, while the mean changes 
were large, they did not meet the requirement for 
statistical significance (P < 0.05). The arterio- 
venous potassium difference changed from a 
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TABLE I 


EFFECT ON PLASMA POTASSIUM CONCENTRATION OF MUSCLE CONTRACTIONS, REST, AND ADMINISTRATION 


OF GLUCOSE, POTASSIUM CHLORIDE, INSULIN AND EPINEPHRINE 


Plasma K* (mEq./L.) 
No. of 


Subjects | 
Arterial Venous A-V Difference 
73 Before muscle contractions | 4.42 + 0.14 4.34 + 0.08 0.08 + 0.15 
Change —0.10 + 0.06 0.25 + 0.04 —0.35 + 0.11 
| P >0.1 | <0.001 <0.01 
20 Before rest 4.33 + 0.10) 4.43 + 0.09 —@.10 
After one hour rest 4.29 +0.09 4.30 + 0.10 —0.01 + 0.04 
Change —0.04 + 0.05 —0.13 + 0.05 0.09 + 0.07 
<0.05 >0.2 
7 | Before glucose (125 gm. | 
orally) 4.34.+ 0.22) —0.03 + 0.05 
After 4.08 + 0.24 3.93 + 0.25 0.15 + 0.05 
Change —0.26 + 0.06 —0.44 + 0.09 0.18 + 0.06 
<0.01 <0.01 <0.05 
5 | Before KCl (0.15 gm./kg. | 
orally) | +0215) 4.29 + 0.14 0 + 0.05 
Two hours after Fae Se Oe 6.31 + 0.45 0.84 + 0.30 
Change 2.86 + 0.22 2.02 + 0.34 0.84 + 0.27 
<0.001 <0.01 <0.05 
| 
! | | Injected Arm | Opposite Arm | Injected Arm | Opposite Arm 
3 Before glucose and insulin | | | | 
(20 units intra-arterially) 4.39 + 0.47) 4.34+0.40| 4.39 + 0.36, 0.05 + 0.06 0+0.11 
After 3.52 +0.27| 3.76 +0.28| 3.73 + 0.26-—-0.24 + 0.04'—0.21 + 0.0 
Change + 0.33;—0.58 + 0.32;—0.66 + 0.29'—0.29 + 0.05;—0.21 + 0.09 
| P >0.05 | >0.2 >0.1 | <0.05 | >0.1 
3 Before epinephrine (0.1 | | | 
mg. intra-arterially) 4.86 + 0.22) 5.14+0.31) 4.94 + 0.16)—0.28 + 0.25 —0.08 + 0.08 
After 4.36 £0.58; 4.12 40.40, 4.33 +0 38 0.24 +0.10; 0.01 + 0.03 
Change —0.50 + 0.38)—1.02 + 0.09'—0.59 + 0.44, 0.52 + 0.23)—0.10 0.04 
P >0.3 | >0.2 | >0.1 >0.1 


Nore: Mean values + S.E. of mean. 


mean of 0.05 + 0.06 to —0.24 + 0.04 mEgq./L., 
which was significant. Change in the arterio- 
venous difference from a positive value, or from 
zero, to a negative value, indicated loss of potas- 
sium from the forearm. When the arteriovenous 
difference merely became more negative, the 
change could be ascribed either to increased loss 
of the ion from the forearm or a decrease in 
blood flow. The former seems more likely. ‘There 
was no significant difference between the effects 
of insulin in the doses administered in the in- 
jected and opposite extremities. The site of up- 
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take of potassium was not determined; presum- 
ably it was the liver. When the dose of insulin 
was increased to 40 units and the glucose 
increased by 30 gm. administered intravenously, 
there was further slight reduction in plasma 
potassium concentration, without any further 
change in the arteriovenous difference. 
Following administration of insulin, intermit- 
tent muscle contraction evoked by nerve stimu- 
lation produced no change in venous potassium 
concentration in the exercised limb, in contrast 
to the increase which occurred prior to insulin. 
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Fic. 1. Effect on plasma potassium concentration of orally administered glucose (125 gm.), 
glucose after cortisone, and potassium chloride (0.15 gm./kg.), and of intra-arterially 
administered insulin (20 units after glucose) and epinephrine (0.1 mg.). Average values 


are recorded. 


FACTORS WHICH MAY CAUSE MOVEMENT OF 
POTASSIUM INTO MUSCLE 


Rest. After one hour in bed, with the can- 
nulated arm held at complete rest by means of 
rubber clamps, there was a reduction in venous 
potassium concentration in each of twenty sub- 
jects. The mean change of —0.13 mEq./L. was 
barely significant. (Table 1.) Arterial potassium 
concentration and arteriovenous difference were 
not significantly altered. Since the initial arterio- 
venous difference was negative, the reduction in 
venous potassium may have been due either to 
slight uptake of the ion by the forearm or to an 
increase in blood flow. The latter has not been 
reported to occur following rest [77]. Uptake of 
potassium seems more likely but cannot be 
proved in view of the lack of significant change 
in arteriovenous difference. 

Administration of Glucose. Oral administration 
of 125 gm. of glucose resulted in reduction in 
arterial potassium concentration in each of 
seven subjects, by a mean of 0.26 mEq./L., and 
in venous potassium by a mean of 0.44 mEq./L. 


(Table 1 and Fig. 1.) This began half an hour 
after ingestion of glucose, was maximal in one 
and a half hours, and disappeared in four hours. 
(Fig. 3.) The mean arteriovenous difference of 
potassium changed from —90.03 + 0.05 to 
0.15 + 0.05 mEq./L. These alterations were 
significant. In most instances the arteriovenous 
difference changed from a negative value, or 
from zero, to a positive value, indicating uptake 
of potassium by the forearm. In a few instances, 
the arteriovenous difference merely became 
more positive, indicating either increased uptake 
of the ion by the forearm or a decrease in blood 
flow. The former seems more likely, as there is 
no reason to believe that ingestion of glucose 
decreases blood flow. The effect of muscle activ- 
ity ON venous potassium concentration was not 
altered. 

Administration of Epinephrine. In each of three 
subjects the intra-arterial administration of 
0.1 mg. epinephrine resulted in a fall in arterial 
potassium concentration by a mean of 0.5 
mEq./L., and in venous potassium by a mean of 
1.02 mEq./L. in the injected extremity and 


AMERICAN JOURNAL OF MEDICINE 


‘ 


Potassium and Muscle Function——Grob et al. 345 
‘ 
on ENOUS, OPPOSITE ARM 
3. 
a 
ge 
aul 
a GLUCOSE ‘25 gm. (o) INSULIN IA INSULIN 20u I A 
| | 
> | 
E | 
< 
> Fourth Potential 
6 
Poo 
| 
uJ 
| | 
3- 
‘ 
> 2: 
= 
a 
AChIim 
= ACh Img. ACh img ACh Img 
HOURS O 2 4 5 6 
TIME 


Fic. 2. Decrease in plasma potassium concentration (arterial more than venous) following administration of insulin 
(intra-arterially, after oral glucose), and accompanying slight reduction in the prompt depressant (depolarizing) action 
of intra-arterially injected ACh on muscle action potentials evoked by nerve stimulation. The amplitude of the first 
(e—e) and fourth (o—o) muscle action potentials in response to a train of four nerve stimuli (forty milliseconds apart) 
evoked every two and one-half seconds has been plotted below. 


0.59 mEq./L. in the opposite arm. (Table 1 and 
Fig. 1.) This effect began ten minutes after 
injection, was maximal in twenty minutes, and 
disappeared in two hours. The mean arterio- 
venous potassium difference in the injected arm 
changed from —0.28 + 0.25 to +0.24 + 0.10 
mEq./L., and in the opposite arm from —0.08 
to +0.01 mEq./L. The only change which was 
statistically significant was the reduction in 
venous potassium concentration in the injected 
arm. Since the initial arteriovenous difference 
was either negative or insignificant, the reduc- 
tion in venous potassium may have been due 
either to uptake of the ion by the forearm or to 
an increase in blood flow. Since epinephrine 
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increases blood flow in muscle, while decreasing 
that in the skin [78], these possibilities cannot be 
differentiated from the available data. Similarly, 
it cannot be ascertained whether the more 
marked reduction in venous potassium in the 
injected extremity than in the opposite extremity 
was due to differences in local uptake of the ion, 
in blood flow, or both. 

In one subject a transient increase in arterial 
potassium by 0.28 mEq./L. and in venous 
potassium by 0.13 mEgq./L. occurred eight 
minutes after injection. The blood pressure 
increased by a mean of 20/6 mm. Hg for six 
minutes in the three subjects. 


Administration of Potassium Chloride. In each 
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Fic. 3. Decrease in plasma potassium concentration (venous more than arterial) following oral administration of glucose, 


and lack of change in the prompt depressant (depolarizing) 


action of intra-arterially injected ACh on muscle action 


potentials evoked by nerve stimulation. The amplitude of the first (e—e) and fourth (o—o) muscle action potentials in 
response to a train of four nerve stimuli (forty milliseconds apart) evoked every two and one-half seconds has been 
plotted below. The increase in venous potassium concentration at the time of glucose administration is attributable to 
the effect of muscle contractions evoked during the initial determination of depolarizing action of ACh. 


of five subjects the rise in potassium concentra- 
tion following the oral administration of 9 to 
12 gm. of potassium chloride (0.15 gm./kg.) 
was more marked in arterial plasma (mean 
2.86 mEq./L.) than in venous (mean 2.02 
mEq./L.) (Table 1 and Fig. 1.) The increase 
was maximal two hours after ingestion, and 
lasted five to six hours. (Fig. 4.) The arterio- 
venous potassium difference increased from a 


mean of 0 + 0.05 to +0.84 + 0.30 mEq./L. 
These alterations were significant. In most 
instances the arteriovenous difference changed 
from a negative value, or from zero, to a positive 
value, indicating uptake of potassium by the 
forearm. In the remainder the arteriovenous 
difference merely became more positive, indicat- 
ing either increased uptake of the ion or a 
decrease in blood flow. The former seems more 
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Fic. 4. Increase in plasma potassium concentration (arterial more than venous) following oral administration of 
potassium chloride, and accompanying increase in the prompt depressant (depolarizing) action of ACh on muscle 
action pote “ntials ovaad by nerve stimulation. The amplitude of the first (e—e) and fourth (o—o) muscle action 
potentials in response to a train of four nerve stimuli (forty milliseconds apart) evoked every two and one-half seconds 


has been plotted below. 


likely, as there is no reason to believe that the in- 
gestion of potassium chloride decreases blood flow. 

Following administration of potassium chlo- 
ride, intermittent muscle contraction evoked by 
nerve stimulation resulted in an increase in 
venous potassium concentration in the exercised 
limb by a mean of 0.52 + 0.17 mEq./L., which 
was approximately twice as great as the increase 
that occurred prior to potassium administration. 


EFFECT OF CORTISONE ON MOVEMENT 
OF POTASSIUM 


The intra-arterial administration to two sub- 
jects of 50 mg. hydrocortisone hemisuccinate, 
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and the oral administration to three others of 
200 mg. cortisone daily for ten days, without 
supplemental potassium chloride, had no effect 
on arterial or venous potassium concentration. 
Cortisone had no influence on the changes in 
potassium concentration which occurred follow- 
ing the administration of potassium chloride 
or insulin, but it did diminish the effect of 
glucose. After hormone administration the 
ingestion of glucose was followed by reduction in 
arterial potassium concentration by a mean of 
0.20 + 0.15 mEq./L., and increase in venous 
potassium by a mean of 0.04 + 0.16 mEq./L. 
(Fig. 1.) The arteriovenous potassium difference 
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Fic. 5. Post-tetanic potentiation. (D. G., April 9, 1956.) Above: Increase in ten- 
sion response of muscle (lower sweep) to a single supramaximal nerve stimulus 
(applied every two seconds) following tetanic contraction (9.6 kg., sweep off 
film) evoked by supramaximal nerve stimulation at 25 per second for ten seconds. 
The muscle action potential response (upper sweep) was not changed. Below: 
Post-tetanic potentiation much less following a weaker tetanic contraction in- 
duced by submaximal nerve stimulation. The single stimuli before and after the 


tetanus were also submaximal. 
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Fic. 6. Left: Time course of the increase in tension response of muscle (o—o) to a single supra- 
maximal nerve stimulus delivered at varying intervals after tetanic muscle contraction evoked by 
supramaximal nerve stimulation at 25 per second for ten seconds. The muscle action potential 
response (e—e) was not changed. The amplitude of the tension and action potential response to a 
single stimulus prior to the tetanus is indicated by the broken line drawn at 100 per cent. Right: 
Marked decrease in post-tetanic potentiation of the tension response when the single and tetanic 


nerve stimuli were submaximal. 


changed from a mean of +0.05 + 0.04 to 
—0.20 + 0.01 mEgq./L., which was significant 
(P < 0.05). This change from a positive or 
insignificant arteriovenous difference to a nega- 
tive one indicated loss of potassium from the 
forearm, in contrast to the uptake which oc- 
curred prior to administration of cortisone. 


MUSCLE FUNCTION 


The normal muscle action potential response 
to single and repetitive nerve stimulation [79], 
and the prompt depressant effect of intra- 
arterially injected ACh [77] and neostigmine [72] 
on muscle potentials evoked by nerve stimula- 
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tion, have been previously described. ‘The 
depressant effect of these drugs is attributable to 
persistent depolarization of the motor end-plate 
region [70-72]. Following tetanic muscle con- 
traction or the administration of potassium 
chloride, which were believed to decrease the 
ratio of intracellular to extracellular concentra- 
tion of potassium, there was an increase in the 
tension response of muscle to nerve stimulation 
and in the ease of depolarization by ACh or 
neosugmine. Following the administration of 
insulin and glucose, which was believed to 
increase the concentration ratio, there was a 
slight decrease in the ease of depolarization by 
ACh. 

Effect of Single or Repeated Muscle Contractions. 
There was no change in the amplitude of the 
muscle action potential or tension response to 
a nerve stimulus as a result of a prior muscle 
contracuon, or of repeated contractions evoked 
by intermittent nerve stimulation (train of four 
stimuli, each forty milliseconds apart, repeated 
every two and one-half seconds for one and one- 
half minutes). 

Effect of Tetanic Muscle Contraction. ‘There was 
either no change or slight increase in the muscle 
action potential and tension response to nerve 
stimulation during repetitive nerve stimulation 
at frequencies up to 25 per second for ten 
seconds, and a slight decrease during stimulation 
at 50 per second. Following tetanic muscle 
contraction evoked by repetitive nerve stimula- 
tion at a frequency of 25 or 50 per second for 
ten seconds, or maximal voluntary contraction 
for this period, there was a moderate increase 
in the tension response to a single nerve stimulus. 
(Fig. 5.) ‘This phenomenon, termed ‘“‘post- 
tetanic potentiation,’ has been attributed to the 
release of potassium from muscle [20]. The 


tension response to a single nerve stimulus 


was increased after tetanic contraction by a 
mean of 73 per cent in six subjects, and after 
maximal voluntary contraction by a mean of 
48 per cent. (Table mu.) The muscle action po- 
tential was not significantly changed. The in- 
crease in tension response began within half a 
second after cessation of muscle contraction, was 
maximal in two to four seconds, and declined 
over a period of three to five minutes. (Fig. 6.) It 
was not due to repetitive firing in response to the 
nerve stimulus. A decrease in the force of the 
tetanic contraction, evoked by submaximal nerve 
stimulation or by maximal stimulation at such 
a high frequency (for example, 200 per second) 
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that the contraction was not sustained, or a 
decrease in the force of voluntary contraction, 
resulted in diminution in the degree and dura- 
tion of the post-tetanic potentiation. When the 
force of the contraction was less than one-third 
that produced by maximal nerve stimulation 


TABLE U 
MUSCLE ACTION POTENTIAL AND TENSION RESPONSE TO A 
SINGLE NERVE STIMULUS BEFORE AND FOUR SECONDS 
AFTER TETANIC CONTRACTION ELICITED BY NERVE 
STIMULATION AT 25 PER SECOND, OR 
MAXIMAL VOLUNTARY CONTRACTION 
LASTING TEN SECONDS 


Number 


Muscle 
of Action Tension 
otentia (kg.) 
in Six (mV.) 
Subjects ; | 
6 Before tetanic con- : | 
traction 12.8 +0.92.0 +0.2 
After 43.6 24.39.44 28:3 
Per cent increase | 6+4 | 73+ 10 
P | | 
16 Before maximal | 
voluntary con- | | 
traction 12.3 + 0.81.35 + 0.13 
After 12.8 +0.82.0 +0.21 
Per cent increase | 4+2 | 48 + 10 
>0.05 | <0.001 


P | 


Note: Mean values + S.E. of mean. 


there was only slight post-tetanic potentiation of 
the response to a supramaximal or submaximal 
stimulus. (Figs. 5 and 6.) A decrease in the 
duration of the contraction to less than one sec- 
ond had a similar effect. Repeated tetanic or 
voluntary contractions, or prolonged contrac- 
tion lasting a minute or more, were also followed 
by diminution in the degree of post-tetanic 
potentiation. 

Effect of Potassium Chloride. ‘There was an in- 
crease in the tension response to a single nerve 
stimulus in each of four subjects, by a mean of 
0.25 kg. (20 per cent), one to two hours after 
the ingestion of potassium chloride. The action 
potential response was either unchanged or 
slightly reduced, and the grip strength was 
unchanged. 

Effect of Glucose, Insulin and Epinephrine.  Fol- 
lowing the doses administered and the levels of 
hypokalemia attained (lowest 3 mEq./L.) 
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5 mv. 


bic. 7. Increase in the depressant action of intra-arterially injected neostigmine 


(0.1 mg.) following the administration of potassium chloride (0.15 gm./kg. 
orally). Above: Muscle action potentials (upper sweep) and tension (lower sweep) 
evoked by four nerve stimuli, forty milliseconds apart, before (left) and after 
neostigmine (right). The increase in tension response is due to repetitive firing. 
(E. M., June 23, 1955.) Below: Same after administration of potassium chloride. 


(E. M., January 26, 1956.) 


there was no change in muscle response to nerve 
stimulation or in grip strength. 


EASE OF DEPOLARIZATION BY ACH OR 
NEOSTIGMINE 

Liffect of Tetanic Muscle Contraction. Following 
tetanic muscle contraction evoked by repetitive 
nerve stimulation at 25 or 50 per second for one 
minute there was a moderate increase in ease of 
depolarization by ACh, as indicated by an 
increase in the prompt depressant action of this 
compound on evoked muscle action potentials. 
In two subjects 1 mg. of ACh injected intra- 
arterially depressed muscle action potentials 
evoked by nerve stimulation an average of 
3.4 mV. (42 per cent) three minutes after tetanic 
contraction, compared to 2 mV. (23 per cent) 
prior to contraction. 

Effect of Potassium Chloride. In three of five 
subjects there was an increase in ease of depolari- 
zation by ACh (Fig. 4), and, in all, by neostig- 
mine (Fig. 7), as indicated by an increase in the 
prompt depressant action of these compounds 
on evoked muscle action potentials one to two 
hours after the oral administration of potassium 
chloride. There did not seem to be a cor- 
relation between this effect and the degree of 
hyperkalemia. 

Effect of Glucose and Insulin. Following the 
administration of glucose there was no change 
in ease of depolarization by ACh. (Fig. 3.) 
However, following the administration of glu- 
cose and insulin slight resistance to depolariza- 


tion developed, as indicated by a decrease in the 
prompt depressant action of ACh on muscle 
action potentials evoked by nerve stimulation. 
ty 


ELECTROCARDIOGRAPHIC CHANGES 


Following the administration of potassium 
chloride there was an increase in amplitude and 
peaking of the T waves. Following the adminis- 
tration of glucose and insulin, and reduction of 
arterial potassium concentration below 3.3 
mEq./L., the characteristic electrocardiographic 
changes of mild hypokalemia appeared. The 
first to be recorded was a positive after-potential 
on the falling limb of the T wave. There was also 
slight prolongation of the PR, QRS and QT 
intervals and lowering of the T wave, although 
these remained within the limits of normal. 
Following the administration of epinephrine a 
positive after-potential appeared despite reduc- 
tion of arterial potassium to only 3.7 mEq./L. 


COMMENTS 


Movement of Potassium. Measurement of 
changes in the arteriovenous potassium differ- 
ence provided evidence of loss of the ion from 
the forearm following exercise or the administra- 
tion of insulin, and evidence of uptake by the 
forearm following the administration of glucose 
or potassium chloride, and possibly following 
rest or the administration of epinephrine. 

Loss of potassium from exercised muscle in 
experimental animals has been reported by 
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numerous investigators |2/—24|, although results 
in man have been conflicting [8,27,25,26). 
Repeated muscle contractions were found to 
produce an increase in local venous concentra- 
tion of this ion which was roughly proportional! 
to the amount of muscle activity. Even ordinary 
activity was associated in most subjects with a 
slight loss of potassium from muscle, as reflected 
by a negative arteriovenous difference. It is 
probable that the increase in blood flow which 
follows muscle contraction | /6| limits the increase 
in venous concentration. While tetanic muscle 
contraction produced a more prolonged (but not 
more marked) increase in venous potassium 
concentration than intermittent contraction, the 
greater increase in blood flow which occurs fol- 
lowing the former procedure | 27| makes it likely 
that it produced a greater loss of potassium 
than intermittent contraction. This is also 
suggested by the occurrence of potentiation of 
the muscle response to nerve stimulation after 
tetanic, but not after intermittent, muscle 
contraction. Loss of potassium appeared to be 
due to muscle contraction, rather than to the 
depolarization which precedes contraction, since 
the injection of a relatively large amount of 
ACh did not produce a significant increase in 
venous concentration of potassium. However. 
the increase in local blood flow produced I-y 
ACh [28] may have concealed an increase in 
venous potassium [29], so that the effect of ACh 
may have to be re-evaluated after concomitant 
measurement of blood flow. 

Complete rest of the limb resulted in reduction 
in the local venous concentration of potassium. 
While this could be explained by either slight 
uptake of potassium or an increase in blood 
flow, the latter has not been observed to occur 
'77|, and seems less likely. A decrease in the ve- 
nous concentration of potassium has _ been 
observed during sleep in the dog [22], and a 
decrease in urinary excretion of the ion during 
sleep has been reported in man [30]. 

The oral administration of glucose was fol- 
lowed by evidence of uptake of potassium by 
muscle. In a similar study evidence of loss from 
muscle was reported, concomitant with de- 
creased arterial concentration attributed to the 
entry of potassium into the liver [8]. Numerous 
studies in vitro have demonstrated that glucose 
enters the cells of both muscle [37] and liver [32] 
with potassium ions, and that this transfer is 
followed by the deposition of glycogen [25,33]. 
It seems likely that, in vivo, glucose enters both 
muscle and liver with potassium, and it is possi- 


SEPTEMBER, 1957 


ble that the relative uptake by these tissues may 
vary, perhaps depending on the state of glycogen 
stores and of muscle activity. Potassium appears 
to be employed in the phosphorylation of hexose 
[34,35] and in the transfer of high energy 
phosphate from phosphopyruvate to adenosine 
diphosphate (ADP) to form adenosine triphos- 
phate (ATP), and perhaps to creatine to form 
creatine phosphate | 34,36]. These organic phos- 
phate compounds may be present in the cell as 
the potassium salts. The release of potassium 
during muscular exercise may be the result of 
their dephosphorylation, as well as of glycolysis. 
An increase in the amount of diffusible potassium 
in muscle after prolonged activity has been 
described [37]. 

The administration of insulin following glu- 
cose resulted in further lowering of plasma potas- 
sium concentration, and evidence of loss of 
potassium from muscle. Since the ion must have 
entered some other site, presumably the liver, 
the loss from muscle may have been secondary 
to reduction in the plasma concentration, and 
an effort by the body to maintain this con- 
centration. Similar changes were observed by 
Farber |&|, who also demonstrated uptake of 
potassium and glucose by the liver. Jn vittro, 
insulin increases the uptake of potassium, with 
glucose, by muscle as well as by liver [27,38]. 
Failure to demonstrate uptake of the ion by 
muscle following the intra-arterial injection of 
insulin may have been due to predominance of 
the effect on the liver, to the relatively large 
doses of insulin administered, and perhaps to a 
time lag which may have concealed any local 
effect. 

The administration of epinephrine resulted in 
a fall in venous potassium concentration, at- 
tributable either to uptake of potassium by 
muscle, to increased blood flow, or both. In 
one subject this was preceded by a transient rise 
in plasma potassium which was more marked 
in arterial plasma. In experimental animals, 
epinephrine has been found to produce a rise 
in plasma glucose, and to a lesser extent in 
potassium, attributed to liver glycolysis [6,39]. 
This is followed by a fall in plasma potassium 
[40], which has also been observed in man [47], 
and which appears to be due to the movement of 
glucose, with potassium, into muscle; that is, to 
the net transfer of glycogen, with potassium, 
from liver to muscle. 

The administration of potassium chloride 
resulted in uptake of potassium by muscle 
against the concentration gradient. Muscle 
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Fic. 8. Schematic representation of observed extracellular potassium concen- 
tration (Ke) and ease of depolarization by injected ACh before and after induc- 
tion of hypopotassemia and hyperpotassemia, and of presumed intracellular 
potassium concentration (Ki) [53], ratio of intracellular to extracellular con- 


re 


centration ———» membrane potential, and ease of depolarization by ACh released 


from motor nerve endings. Left, normal plasma .potassium concentration. 
Middle, during hypopotassemia. Right, during hyperpotassemia. 


activity then resulted in a greater output of the 
ion, probably as a result of the increased intra- 
cellular concentration or content. Following 
ingestion or injection [42] of potassium chloride 
about two-thirds of the absorbed ion leaves the 
extracellular fluid; the maximal serum concen- 
tration is one-third as high as would be ex- 
pected were its distribution purely extracellular. 
Studies in animals with radioactive potassium 
have shown that administered potassium is first 
- rapidly taken up by the liver and kidneys, and 
then slowly released to other tissues, including 
the muscles, which are capable of storing large 
amounts of the ion, at least temporarily [4,5,43]. 

The intra-arterial injection of hydrocortisone 
or the oral administration of cortisone for several 
days had no effect on arterial or venous potas- 
sium concentration. More prolonged administra- 
tion is known to reduce plasma [9] and muscle 
|44| concentration. Cortisone markedly inhibited 
the uptake of potassium by muscle following the 
ingestion of glucose but had less effect on the 
disappearance of potassium from arterial plasma 
into some other site, presumably the liver. Corti- 
sone inhibits glycogenesis in both muscle and 
liver in experimental animals [9]. 


Role of the Ratio of Intracellular to Extracellular 
Concentration of Potassium in Muscle Function. ‘The 
increase in tension response of muscle and in the 
ease of depolarization by ACh or neostigmine 
observed after tetanic muscle contraction or 
after the administration of potassium chlo- 
ride is probably due, at least in part, to a 
decrease in the resting muscle membrane poten- 
tia] resulting from a decrease in the ratio of 
intracellular to extracellular concentration of 
potassium. (Fig. 8.) Tetanic muscle contraction 
in animals [20] and man [435], and the intra- 
arterial administration to animals of a suitable 
concentration of potassium chloride {20,46}, 
are known to produce an increase in the tension 
response of muscle to a nerve stimulus, without 
increase in the muscle action potential response. 
The latter is not surprising, since a supra- 
maximal nerve stimulus elicits an action poten- 
tial in all innervated muscle fibers, each of which 
responds by a potential of maximal amplitude: 
that is, in an all-or-none manner. On the other 
hand, the contractile response of the muscle 
fiber is not all-or-none. The increase produced 
by such measures as potassium administration 
has been termed the “treppe” or “‘staircase”’ 
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effect. Both tetanic contraction and administra- 
tion of potassium result in a decrease in muscle 
membrane [20] and end-plate [47,48] potentials. 
These similarities support the suggestion that 
post-tetanic potentiation 1s due, at least in part, 
to the release of potassium ions from muscle 
with contraction [20]. The resulting reduction in 
the ratio of intracellular to extracellular 
concentration of potassium would account for 
lowering of the membrane potential. This 
change, as well as reduced intracellular potas- 
sium concentration, has been found to favor 
contraction of actomyosin [49,50]. Post-tetanic 
potentiation cannot be attributed to the release 
of ACh which occurs prior to contraction. Not 
only does the long duration of the potentiation 
make this unlikely but the injection of ACh did 
not produce an increase in the response of 
muscle to a nerve stimulus. In addition, there 
was a decrease in post-tetanic potentiation 
when the frequency of nerve stimulation was 
increased to the point where muscle contraction 
was no longer sustained. Therefore, post- 
tetanic potentiation is a postjunctional (muscle 
fiber) phenomenon, and probably due, at least 
in part, to the release of potassium from muscle 
and the resulting reduction in concentration 
ratio of potassium and in membrane potential 
along the entire muscle. ACh, in contrast, 
reduces the muscle membrane potential only in 
the region of the motor end-plate [48]. 

Following ingestion of potassium chloride the 
increase in depolarizing action of ACh was 
neither striking nor uniform. It is likely that 
the increase in the concentration ratio was not 
marked, not only because of the moderate levels 
of hyperkalemia attained but also because of 
the almost simultaneous increase in the intra- 
cellular and extracellular concentrations of the 
ion. The latter may account for the infrequency 
of severe weakness in hyperkalemia, and for 
the occurrence of less severe alterations in 
skeletal muscle and cardiac function when there 
is gradual elevation in plasma potassium con- 
centration than when the same level is rapidly 
attained [42]. 

The slight resistance to depolarization by ACh 
observed during hypokalemia induced by the 
administration of glucose and insulin is attribut- 
able to an increase in the muscle membrane 
potential. (Fig. 8.) This increase may have been 
limited not only by the moderate levels of 
hypokalemia attained, but also by the almost 
simultaneous decrease in the concentration of 
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potassium on the two sides of the muscle mem- 
brane. Such limitation may account for the 
infrequency of severe weakness in hypokalemia 
due to glucose and insulin [57], adrenal cortical 
hormones [9], or excessive loss or deficient intake 
of potassium [52], and for the occurrence of 
less severe alterations in skeletal muscle and 
cardiac function when there is a_ gradual 
diminution in plasma potassium concentration 
than when the same level is rapidly attained [52]. 

Measurement of post-tetanic potentiation and 
of ease of depolarization by ACh and other 
depolarizing compounds should prove useful in 
the study of disorders of potassium metabolism 
associated with weakness. 


SUMMARY 


Study in normal subjects of potassium move- 
ment and associated changes in skeletal muscle 
function yielded the following results: 

1. Muscle contraction caused movement of 
potassium out of muscle, as indicated by change 
in the arteriovenous difference in the exercised 
extremity. There was some evidence to suggest 
that rest had the opposite effect. 

2. During hypopotassemia following adminis- 
tration of glucose, and possibly following epi- 
nephrine, there was evidence of movement of 
potassium into muscle, while following insulin 
there was evidence of movement of the ion out of 
muscle and into some other site, presumably the 
liver. 

3. Hyperpotassemia produced by administra- 
tion of potassium chloride was accompanied by 
movement of potassium into muscle. Muscle 
contraction then caused greater loss of potassium 
from the exercised extremity. 

4. Following tetanic muscle contraction or 
the administration of potassium chloride, and 
concomitant with a probable decrease in the 
ratio of intracellular to extracellular concentra- 
tion of potassium, there was an increase in 
muscle contractility and in the ease of de- 
polarization by ACh or neostigmine. These 
changes are attributed to a reduction in the 
resting muscle membrane potential resulting 
from the decrease in concentration ratio. 

5. Following the administration of insulin 
and glucose, and concomitant with a presumed 
increase in the concentration ratio of potassium, 
there was a slight decrease in the ease of depolar- 
ization by ACh. This change is attributed to an 
increase in the resting muscle membrane potential 
resulting from the increased concentration ratio. 


= 
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6. It is suggested that severe weakness may 


be infrequent in hyperkalemia, and in hypo- 


kalemia due to deficient 


intake or excessive 


loss of potassium or the administration of insulin 
and glucose, because the intracellular concen- 
tration of potassium may change in the same 
direction as the extracellular concentration in 
each instance, tending to limit the change in 
concentration ratio. 
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Potassium Movement in Patients with 


Familial Periodic Paralysis’ 


Relationship to the Defect in Muscle Function 


Davip Gros, M.D., RICHARD J. JOHNS, M.D. and AKE LILJESTRAND, M.D.T 


Baltimore, Maryland 


HE preceding communication |/] dealt with 
factors affecting the movement and intra- 
cellular to extracellular concentration ratio of 
potassium in normal subjects, and with the 
influence of the concentration ratio on contrac- 
tility snd ease of depolarization of skeletal 
muscle. It was observed, in normal subjects, that 
evidence of movement of potassium out of 
muscle occurred following muscle contraction 
or the administration of insulin, while evidence 
of movement into muscle occurred following the 
administration of glucose or potassium chloride, 
and possibly following rest or the administration 
of epinephrine. Tetanic muscle contraction 
or administration of potassium chloride, 
which was believed to decrease the ratio of 
intracellular to extracellular concentration of 
potassium, resulted in heightened muscle con- 
tractility and greater ease of depolarization by 
ACh. This was attributed to a decrease in the 
resting membrane potential. Administration of 
insulin, which was believed to increase the 
concentration ratio, resulted in slight resistance 
to depolarization by ACh, attributable to an 
increase in the membrane potential. It was sug- 
gested that the changes in concentration ratio 
and muscle function following the administra- 
tion of potassium chloride or insulin were rela- 
tively small not only because of the moderate 
levels of hyperkalemia and hypokalemia at- 
tained, but also because the intracellular con- 
centration of potassium may have changed in the 
same direction as the extracellular concentra- 
tion in each instance. 
In the present communication similar studies 


were carried out on factors affecting the move- 
ment and concentration ratio of potassium in 
two patients with familial periodic paralysis 
and in one with non-familial periodic paralysis, 
and on the mechanism of weakness in these dis- 
eases. Attacks of weakness in familial periodic 
paralysis are usually associated with a shift of 
potassium from the extracellular to the intra- 
cellular phase, since reduction in the plasma 
concentration of this ion occurs without increase 
in urinary excretion {2,3}. Muscle has been con- 
sidered to be the most likely site of intracellular 
movement of the ion [4,6]; liver has also been 
suggested as a possible site [7,8]. The precipita- 
tion of attacks by food, especially carbohydrate, 
and by glucose, insulin or epinephrine [8], and 
the concomitant reduction in plasma inorganic 
phosphate [9], suggest that this transfer is 
associated with glucose metabolism. Whether 
this involves the deposition of glycogen in muscle 
or liver, or increased combustion of glucose, as 
suggested by the reported increase in plasma 
pyruvate concentration [| 70], has not been made 
clear. Attacks of weakness are associated with 
reduction or even disappearance of the response 
to both indirect and direct mechanical and 
electrical stimulation of muscle [8,77,72], and 
diminution in the amplitude and propagation of 
muscle action potentials evoked by _ nerve 
stimulation [4]. 

In the three patients with periodic paraly- 
sis who were studied there was evidence of ab- 
normal uptake of potassium by muscle following 
intake of food, glucose, insulin and_ possibly 
epinephrine. Attacks of weakness were asso- 
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ciated with reduction in the plasma concentra- 
tion of this ion, abnormally high arteriovenous 
difference, and reduction in the muscle action 
potential and tension response to nerve stimula- 
tion. Evidence was obtained that the reduced 
responsiveness and contractility of muscle may 
be due to hyperpolarization of the muscle mem- 
brane resulting from an increase in the intra- 
cellular to extracellular concentration ratio of 
potassium. 


METHODS 
PATIENTS STUDIED 


The methods were described in the preceding 
communication | 7]. 

‘Two of the patients studied had the character- 
istic family history and manifestations of familial 
periodic paralysis. Ihe majority of studies were 
carried out in these patients. The third patient 
had periodic paralysis associated with muscular 
dystrophy of mild degree, and no family history 
of muscle disorder. However, the attacks of 
weakness and alterations in plasma potassium 
concentration and movement and in muscle 
function in this patient were similar to those 
observed in the other two. In all three patients 
tests of thyroid function were normal. 

M. H. was a fourteen year old boy who began 
to have intermittent attacks of weakness at the 
age of twelve. His maternal grandmother and 
two of her brothers, his mother, and two mater- 
nal uncles had suffered from similar attacks since 
adolescence. One uncle died at age thirty-five of 
respiratory paralysis during an episode of weak- 
ness. Four maternal uncles and one aunt, two 
younger brothers and one younger sister have 
not been affected by the disease. 

From three times a week to once a month the 
patient awoke unable to move his arms, legs or 
neck. At other times he would awaken with less 
marked weakness. On only one occasion was 
there difficulty in swallowing and _ breathing. 
Attacks of weakness always began during sleep, 
and were more likely to occur after a large 
evening meal or excessive fatigue. In the absence 
of treatment, severe attacks of weakness lasted 
from twelve to twenty-four hours. When exercise 
was possible, this accelerated recovery. Milder 
attacks lasted from three to twelve hours. Fol- 
lowing the oral administration of potassium 
chloride there was gradual return of strength in 
two to four hours. The daily prophylactic 
administration of 10 to 20 gm. of potassium 
chloride greatly diminished the frequency and 
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severity of attacks of weakness. When the patient 
was not in an attack, physical examination was 
normal. During an attack, there was weakness 
of the muscles of the extremities, trunk and neck, 
varying from a mild degree to complete flaccid 
paralysis, with disappearance of tendon reflexes. 

A. B. was a twenty-four year old man who be- 
gan to have intermittent attacks of weakness at 
the age of twelve. His mother, two maternal 
uncles and three brothers had had similar at- 
tacks since adolescence. Three maternal! aunts, 
one uncle and one younger sister have not been 
affected by the disease. The frequency and 
character of the patient’s attacks, his response to 
potassium chloride, and the results of the physi- 
cal examination were similar to those of patient 
M. H. 

A. R. was a thirty-two year old woman who 
had intermittent attacks of weakness since the 
age of seven. There was no family history of 
muscle disorder. The frequency and character 
of the attacks, and the response to potassium 
chloride, were similar to those of patients M. H. 
and A. B. However, in contrast to the others, in 
this patient slowly progressing generalized weak- 
ness developed which was present between 
attacks. When not in an attack there was ptosis 
and mild weakness and wasting of the muscles 
of the shoulder and pelvic girdles, extremities, 
trunk and face. Tendon reflexes were normal. 
Urinary creatine excretion was increased, up to 
400 mg. a day. Pathologic examination of a 
biopsy specimen from the deltoid muscle showed 
changes characteristic of muscular dystrophy. 


RESULTS 


PLASMA CONCENTRATION AND MOVEMENT 
OF POTASSIUM 


When Not in Attack. ‘The plasma concentra- 
tion of potassium was determined on fifteen 
occasions in the three patients, when they were 
fasting, eight to twelve hours after their last dose 
of potassium chloride, and when they were at 
their best strength and had been engaged in 
normal activity. Blood samples were obtained 
five minutes after cannulation of the brachial 
artery and deep antecubital vein. ‘The mean 
arterial concentration was 4.45 + 0.08 (stand- 
ard error of mean) mEq./L.; venous concentra- 
tion, 4.43 + 0.13 mEq./L.; and arteriovenous 
difference, 0.02 + 0.06 mEq./L. There was, 
therefore, no significant net uptake or loss of 
potassium in the forearm, in contrast to the 


358 Potassium and Muscle Function—Grob et al. 


TABLE 
EFFECT ON PLASMA POTASSIUM CONCENTRATION OF MUSCLE CONTRACTION, REST, AND ADMINISTRATION 
OF GLUCOSE, POTASSIUM CHLORIDE, INSULIN AND EPINEPHRINE 


No. of | Plasma K* (mEq./L.) 
Studies | 
Patients | Arterial Venous A-V Difference 
8 Before muscle contraction | 4.28 + 0.07 4.00 + 0.11 0.28 +£3.43 
After | 4.28 + 0.08 4.10+0.09 | 0.18 + 0.03 
Change | 0+ 0.09 0.10 + 0.03 
_P for change | <0.02 
| P for difference from normal subjects | >0.3 | <0.01 | >0.1 
5 Before muscle contraction during attack | 2.55 + 0.26 0.20 + 0.14 
| After £9.20 —O.25 + 9.95 
Change + 0.02: 0.40+0.06 —0.43 + 0.07 
| P for change | >0.2 <0.01 | <0.01 
| P for difference from change when not in attack | >0.7 <0.001 | <0.05 
for difference from normal subjects | >0.2 <0.05 
After one hour rest |. S.58 £9 ee 4.21 +0.05 | 0.16 + 0.08 
Change | 0+0.02;) —0.19+0.10 ; 0.19 + 0.08 
P for change | >0.1 >0.05 
P for difference from normal subjects | >0.4 | >0.5 ~0.5 
4 Before glucose (125 gm. orally) _ 4.28 + 0.18) 4.25 + 0.22 0.03 + 0.13 
After | 3.66 + 0.28 9.12 + 0.2/ 0.54 + 0.14 
| Change i— 0.62 + 0.28; ~1.415 + 0.25 0.51 + 0.18 
P for change | >0.05 | <0.05 <0.05 
for difference from normal subjects | <0.05 | >0.1 
x Before KCI (0.15 gm./kg. orally) during attack; 2.26 + 0.09) 2.46+0.18 | —0.20 + 0.18 
| Two hours after KCl 4.21 + 0.24) 4.87+0.30 | —0.67+0.18 
Change | 1.95 £0.24 2.43+0.31 | —0.48 + 0.34 
P for change | <0.001 | <0.001 >0.1 
_P for difference from normal subjects | <0.02 | 0.3 <0.02 
| | | 
_ Injected | Opposite | Injected | Opposite 
1 _ Before insulin (20 units intra-arterially) and | | 
| glucose 4.40 
_ Change | —0.90 | —1.68 0.89 
| P for difference from normal subjects | >0.9 | >0.05 >0.05 | <0.01 <0.01 
1 Before epinephrine (0.1 mg. intra-arterially) | 4.58 aoe 5.16 0.03 |.—0.58 
After 3.86 3.10 0.76 —0.06 
P for difference from normal subjects >0.7 — <0.05 >0.2 >0.4 <0.01 


Nore: Procedures begun when patients were not in an attack, except where indicated. Mean values + S.E. of 
mean. P of difference from normal subjects is the probability associated with the difference between the recorded 
change and that which occurred in normal subjects [7]. 
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Fic. 1. Effect on plasma potassium concentration of orally administered glucose (125 gm.), 
glucose after cortisone, and potassium chloride (two hours after 0.15 gm./kg.), and of 
intra-arterially administered insulin (20 units after glucose) and epinephrine (0.1 mg.). 


Mean values are recorded. 


slight but significant loss which was found in 
normal subjects | 7]. 

Effect of muscle contraction: Intermittent muscle 
contractions evoked by nerve stimulation (four 
stimuli, each forty milliseconds apart, repeated 
every two and one-half seconds for one and one- 
half minutes) produced a mean increase in potas- 
sium concentration of 0.1 mEgq./L. in venous 
plasma draining the exercised limb. (Table 1.) 
This was significantly less than the increase that 
occurred in normal subjects [7]. The time course 
was approximately the same. The mean force 
of each contraction (3 kg.) was three-fourths of 
that in normal subjects. There was no significant 
change in arterial potassium and arteriovenous 
difference in the exercised arm, or in venous 
potassium in the opposite arm. The increase in 
venous potassium in the limb exercised may have 
been due either to loss of potassium from the 
forearm or to the increase in blood flow which 
occurs following exercise [73]. 

Effect of one hour rest: After one hour in bed, 
with the cannulated arm held at complete rest by 
means of rubber clamps, the arteriovenous 
potassium difference changed from a mean of 
—0.03 + 0.06 to 0.16 + 0.08 mEq./L. This 
change was not quite significant (Table 1) nor 
was it significantly different from that observed 
in normal subjects [7]. 
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Effect of glucose: Oral administration of 125 gm. 
of glucose was followed by reduction in arterial 
potassium concentration by a mean of 0.62 
mEq./L., and in venous concentration by 1.13 
mEq./L. (Table 1 and Fig. 1.) The latter change 
was significantly greater than in normal sub- 
jects [7]. The arteriovenous potassium difference 
changed from a mean of 0.03 + 0.13 to 0.54 + 
0.14 mEq./L. Since the initial arteriovenous 
differences were either negative, positive or 
insignificant, this change could have been due 
either to uptake of potassium by the forearm, to 
a marked reduction in blood flow, or both. 
Since there is no reason to believe that ingestion 
of glucose reduces the blood flow, the former 
explanation seems more likely. The reduction in 
plasma concentration was maximal in two to 
four hours (Fig. 2), and lasted more than twice 
as long as in normal subjects. 

Effect of insulin: The intra-arterial administra- 
tion of 20 units of insulin two hours after the 
ingestion of 125 gm. of glucose resulted in reduc- 
tion in arterial potassium concentration by 0.9 
mEq./L., and in venous concentration by 
1.68 mEgq./L. in the injected forearm and 
1.79 mEq./L. in the opposite one. (Table 1 and 
Figs. 1 and 2.) The arteriovenous differences 
changed from 0.02 and —0.08 mEgq./L. to 
0.78 and 0.89 mEq./L. This change from 
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fic. 2. Decrease in plasma potassium concentration (venous more than arterial) and in muscle action potential response 
to nerve stimulation following the oral administration of glucose and the intra-arterial administration of insulin. The 
amplitude of the first (e—e) and fourth (o—o) muscle action potentials in response to a train of four nerve stimuli 
(forty milliseconds apart) evoked every two and one-half seconds has been plotted below. 


insignificant or negative to positive differences 
indicates that there was uptake of potassium 
by both extremities. The alterations in arterio- 
venous difference were significantly different 
from those in normal subjects, in whom there 
was evidence of loss of potassium from the 
extremity [7]. 

Effect of epinephrine: The intra-arterial admin- 
istration of 0.1 mg. epinephrine resulted in re- 
duction in arterial potassium concentration by 
0.72 mEgq./L., and in venous potassium by 
1.45 mEq./L. in the injected extremity and 
1.24 mEq./L. in the opposite one. (Table 1 and 
Fig. 1.) The arteriovenous difference in the 
injected arm changed from 0.03 to0.76 mEq./L., 
indicating that there was uptake of potassium 
by this extremity. The reduction in venous 
potassium in the injected arm was significantly 
sreater than in normal subjects. This is attrib- 
utable either to greater uptake of potassium or 


to more marked reduction in blood flow. The 
former seems more likely, since the reduction in 
venous potassium that occurred in normal sub- 


jects was attributable either to uptake of potas- 


sium or to increased blood flow | 7}. 

The change in arteriovenous difference in the 
uninjected arm from —0.58 mEgq./L. (an unu- 
sually high difference) to —0.06 mEq./L., which 
was significantly greater than in normal subjects, 
could have been due to local uptake of potas- 
sium, increased blood flow, or both. Since 
epinephrine increases blood flow in muscle of 
normal subjects, while decreasing that in skin 
'74|, these possibilities cannot be differentiated 
from the available data. 

Fffect of cortisone: The intra-arterial injection 
of 20 mg. hydrocortisone hemisuccinate or the 
oral administration of 200 mg. cortisone daily 
for ten days, without supplemental potassium 
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Fic. 3. Decrease in plasma potassium concentration (venous more than arterial) following supper and oral administra- 
tion of glucose, marked reduction in the muscle action potential response to nerve stimulation and in the prompt 
depressant action of intra-arterially injected ACh on this response, and recovery following oral administration of 
potassium chloride. The amplitude of the first and fourth muscle action potentials in response to a train of four nerve 
stimuli (forty milliseconds apart) evoked every two and one-half seconds has been plotted below. 


chloride, had no effect on the arterial or venous 
concentration of potassium. Cortisone had no 
appreciable influence on the effect of intra- 
arterial epinephrine or insulin on arterial and 
venous potassium concentration and on muscle 
strength, but it did diminish the effect of glucose 
and of a high carbohydrate meal. Following 
administration of cortisone the ingestion of 
glucose or food lowered plasma potassium less 
than one-half as much as it did prior to the 
administration of the hormone, and caused 
virtually no change in the arteriovenous differ- 
ence, in contrast to the increase which occurred 
prior to cortisone. (Fig. 1.) Thus, as in normal 
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subjects [7], the hormone inhibited uptake of 
potassium by the forearm. 

Changes during ‘‘Spontaneous’’ or Induced Attacks 
of Paralysis. These occurred during the night, 
or were induced during the day or night, after 
the patients had received no potassium chloride 
for at least twenty-four hours. In spontaneous 
attacks, which occurred during sleep, usually 
after a supper rich in carbohydrate, the changes 
were similar to those which followed the inges- 
tion of glucose; there was more rapid reduction 
in venous than arterial potassium concentration, 
resulting in an increase in the arteriovenous 
difference. (Figs. 3, 4 and 5.) During the de- 
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Fic. 4. Same as Figure 3, but illustrating the changes in muscle action potential (upper 
sweep) and tension (lower sweep) response to nerve stimulation, and changes in the 


electrocardiogram. 


velopment of weakness following the ingestion of 


food or glucose, on fifteen occasions in three pa- 
tients, the greatest arteriovenous potassium 
difference occurred early in the attack, approxi- 
mately three hours after the meal, when only 
mild weakness was present, and when the mean 
arterial concentration was 4.14 mEq./L. and the 
venous 3.61 mEq./L. The reduction in venous 
potassium at this time was significant (P < 0.01), 
as was the change in arteriovenous difference 
from a mean of 0.02 + 0.06 to 0.53 + 0.08 
mEq./L. (P < 0.001). In most instances the 
arteriovenous difference changed from an in- 
significant or negative value to a positive value, 
indicating uptake of potassium by the forearm. 
In the others, the arteriovenous difference merely 
became more positive, indicating either increased 
uptake of the ion by the forearm or a decrease 
in blood flow. The former seems more likely, in 
view of the further reduction in plasma potas- 
sium concentration that followed, and the lack of 
significant reduction in blood flow in the ex- 
tremities of normal subjects during rest or 
sleep [75]. Occasionally, moderate weakness 
occurred while the plasma potassium concentra- 
tion was still within the limits of normal, but with 
abnormally high arteriovenous difference. 


As the plasma potassium concentration fell 
further and weakness became more pronounced 
the arteriovenous difference became smaller, 
although it remained positive, reflecting con- 
tinued uptake of potassium by the extremity. 
During sleep both arterial and venous potassium 
concentrations fell more rapidly and weakness 
became more pronounced. (Fig. 3.) At the time 
of maximal weakness, six hours after the inges- 
tion of supper or glucose, the plasma potassium 
concentration was at its lowest, the mean arterial 
concentration being 2.52 + 0.20 mEq./L.; ve- 
nous concentration, 2.21 + 0.20 mEq./L.; and 
arteriovenous difference, 0.31 + 0.07 mEq./L. 
The changes from the levels present prior to the 
attack were highly significant (P < 0.001, 
<0.001, and <0.01). 

After several hours of maximal weakness the 
venous potassium concentration began to rise 
slowly and soon exceeded the arterial concentra- 
tion. Concurrently, there was a slight increase in 
strength. As the strength improved and activity 
increased, the venous potassium concentration 
and negative arteriovenous difference increased 
to a greater degree. Five hours after the time of 
maximal depression of plasma potassium con- 
centration, the mean arterial concentration was 
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Fic. 5. Decrease in plasma potassium concentration (venous more than arterial) following 
supper and/or oral administration of glucose, marked reduction in grip strength and in 
the muscle action potential and tension response to nerve stimulation, and recovery fol- 
lowing oral administration of potassium chloride. Average values are recorded for fifteen 


attacks in three patients. 


+ 0.21 mEgq./L.; venous concentration, 

.81 + 0.25 mEq./L.; and arteriovenous differ- 
ence, —0.39 + 0.20 mEq./L. The change 
in arteriovenous difference from a_ positive 
to a negative value, which was significant 
(P < 0.02), indicated loss of potassium from the 
forearm. 

During attacks of weakness, intermittent 
muscle contractions, although greatly reduced 
in force, resulted in four times as much increase 
in venous potassium concentration in the exer- 
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cised limb as prior to the attack. (Table 1.) The 
increase was twice as great as that which oc- 
curred in normal subjects following much 
stronger muscle contractions [7]. The arterio- 
venous difference changed from a positive to a 
negative value, indicating loss of potassium 
from the forearm. | 

Effect of Potassium Chloride Administered during 
Attack. One hour after the oral administration 
of 9 to 12 gm. of potassium chloride (0.15 
em./kg.) during attacks of paralysis, generally 
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after slight spontaneous improvement, the rise 
in potassium concentration was greater in 
arterial plasma (mean increase 1.91 mEq./L.) 
than in venous (1.55 mEq./L.). (Figs. 3 and 5.) 
The arteriovenous potassium difference changed 
from a mean of —0.20 + 0.18 to +0.16 + 0.20 
mEq./L., which was not significant. At this 
time there was only slight improvement in 
strength. During the next hour the venous con- 
centration increased more rapidly than the 
arterial, so that at the end of two hours the 
increase 1n potassium concentration was greater 
in venous plasma (mean increase 2.43 mEq./L.) 
than in arterial plasma (1.95 mEq./L.). (Table 
1 and Figs. 1, 3, and 5.) The former was the 
same as in normal subjects while the latter was 
significantly less. [he arteriovenous difference 
changed from a mean of 0.16 + 0.20 mEq./L. 
at the end of the first hour to —0.67 + 0.18 
mEq./L. at the end of the second hour, which 
was significant (P < 0.02). In most instances 
the arteriovenous difference changed from a 
positive or insignificant value to a negative 
value, indicating loss of potassium from the 
forearm. In a few, the difference merely became 
more negative, indicating either increased loss of 
the ion from the forearm or a decrease in blood 
flow. [he former seems more likely, as there is no 
reason to believe that the ingestion of potassium 
chloride decreases blood flow. The change in 
arteriovenous difference was significantly differ- 
ent from that which occurred in normal subjects 
(Table 1), in whom administration of potassium 
chloride was followed by evidence of uptake of 
the ion by the extremity. 

Two hours after the administration of potas- 
sium chloride, intermittent muscle contractions 
resulted in three times as much increase in ve- 
nous potassium concentration as occurred prior 
to the attack. 


MUSCLE STRENGTH 


When not in an attack and at their best strength, 
two of the three patients had normal strength: 
the third exhibited mild weakness. 

During an attack there was characteristic pro- 
gression of weakness. This began three to five 
hours after a high carbohydrate supper (in 
three of twelve trials) or after the oral adminis- 
tration of 125 gm. of glucose (in twelve of twenty 
trials), and one-half to one hour after the intra- 
arterial injection of insulin (in each of two trials) 
or epinephrine (in each of two trials). The 
muscles of the extremities were the first to be 


affected, followed by those of the trunk and neck. 
At the onset of weakness there was invariably 
reduction in the venous concentration of potas- 
sium, less marked reduction in arterial concen- 
tration, and increase in the arteriovenous differ- 
ence. (Fig. 5.) During the following two to five 
hours there was progressive increase in weakness, 
concomitant with further reduction in plasma 
potassium concentration, and continued positive 
arteriovenous difference. These changes were 
accelerated by rest and retarded by activity. 
The effect of sleep was greater than that of 
enforced daytime rest, presumably owing to 
better muscle relaxation, but attacks of severe 
weakness could be precipitated during the day. 
When one arm was kept at enforced rest it 
became weaker more rapidly than the opposite 
extremity. Local exercise resulted in local im- 
provement in strength, and general exercise 
could abort a mild attack of weakness. 

Maximum weakness occurred five to eight 
hours after supper, three to six hours after the 
administration of oral glucose, and two to five 
hours after administration of insulin or epineph- 
rine. Following intra-arterial injection of the 
latter drugs the weakness of the injected arm 
was the same as that of the opposite extremity. 

In ten of the nineteen attacks which were 
studied there was virtually complete flaccid 
paralysis of the extremities, marked weakness of 
the neck and trunk, and disappearance of the 
tendon reflexes and of muscle contraction in 
response to direct percussion. In the remaining 
attacks the weakness of these muscles was 
moderately severe. There was only mild impair- 
ment of swallowing, speech, breathing, and of 
the facial muscles, except for three attacks in 
which there was moderate difficulty in swallow- 
ing and breathing. The extraocular muscles 
were not affected. 

In most instances slight improvement in 
strength occurred after one to five hours of 
maximal weakness. This was increased if the 
patient was strong enough to move about or 
exercise, but movement was usually very limited 
until potassium chloride was administered. Fol- 
lowing the administration of 0.15 gm./kg. orally, 
improvement strength occurred slowly, 
beginning in one-half to one hour, becoming 
appreciable in two to three hours, and maximal 
in three to five hours. (Fig. 5.) The improvement 
in strength lagged behind the increase in plasma 
concentration of potassium, and became more 
rapid coincident with the increase in the venous 
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lic. 6. A, failure of propagation of the muscle action potential response to nerve 
stimulation during an attack of weakness. (M. H., February 4, 1955.) The muscle 
action potential (upper sweep) cannot be recorded several centimeters distal to 
the region in which the motor end-plates are believed to be concentrated (under 
the proximal three electrodes). The action potentials recorded from each elec- ‘ 
trode are identical in form and latency, and differ only in amplitude, which di- 
minishes away from the end-plate region. The mechanical response (lower sweep) 
is so Weak that it cannot be recorded. B, beginning recovery of propagation of the 
muscle action potential, one hour after oral administration of potassium chloride. 
In the end-plate region the action potentials have an initial upward (negative) 
deflection, representing depolarization arising in this region. Distally, the action 
potentials have an initial downward (positive) deflection, caused by the ap- 
proaching wave of depolarization, in relation to which the distal region is rela- 
tively positive. Propagation has not recovered sufficiently for this wave to reach 
the distal electrodes, so that the downward deflection is not followed by an up- 
ward deflection signalling arrival of the wave of depolarization. C, complete 
recovery of propagation of the muscle action potential, and increase in amplitude 
of the potential and of the mechanical response, two hours after potassium 
chloride. Distal to the end-plate region, the initial downward deflection of the 
action potential is now followed by an upward deflection as the negative wave of 
depolarization reaches each electrode. The latent period between stimulus artifact 
and depolarization (upward deflection) increases away from the end-plate region. 
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Fic. 7. Left, time course of the increase in the muscle action potential (e—e) and tension 
(o—o) response to a single test stimulus applied at different intervals after the response 
to an initial stimulus. The amplitude of the action potential and tension response to the 
initial stimulus is indicated by the broken line drawn at 100 per cent. Patient not in 
attack. Right, time course of the increase in response to the second stimulus during an 
attack. The per cent increase in the tension response is greater, despite the weakness of the 
response. Prior to the attack a weak contraction was not followed by potentiation of a sec- 
ond contraction. At the top are shown the muscle action potential (upper sweep) and 


tension (lower sweep) response to two stimuli eighty milliseconds apart. 


concentration of potassium above the arterial 
which occurred during the second and third 
hours after potassium chloride administration. 


MUSCLE RESPONSE TO A SINGLE NERVE STIMULUS 


When Not in Attack. ‘The muscle action po- 
tential and tension evoked by nerve stimulation 
were at the lower limits of the normal range, 
and the mean responses were one-half the nor- 
mal means. [he action potential was propagated 
in normal fashion from the region of the motor 
end-plates. As in normal subjects, reduction in 
the intensity of nerve stimulation resulted in 
equal diminution in these responses, without 
failure of propagation of the muscle action 
potential. 

During Attack. ‘The muscle response to nerve 
stimulation was progressively reduced. (Figs. 3, 
4 and 5.) The evoked tension and the strength, 
declined more rapidly than the evoked muscle 
action potential. (Fig. 5.) During some attacks 
no tension response could be elicited and there 
was complete paralysis of the extremity, despite 
reduction of the action potential by only 60 per 
cent. (Fig. 9.) Propagation of the muscle action 


potential across the muscle was also decreased, 
and in severe attacks no potential could be 
recorded several centimeters from the region in 
which the motor end-plates are believed to be 
concentrated. (Fig. 6.) In the most severe at- 
tacks the muscle action potential was also re- 
duced to near zero even in the end-plate region. 
(Figs. 4 and 6.) 

During Recovery. Vhe muscle action potential 
and propagation of this potential returned 
toward normal more rapidly than the tension 
response or strength (Figs. 5 and 6), but all 
returned to the control values several hours 
after administration of potassium chloride. The 
tension response sometimes increased further 
and exceeded that which was present prior to 
the attack. (Fig. 4.) This was not accompanied 
by repetitive firing of the action potential. 


EFFECT OF MUSCLE ACTIVITY ON MUSCLE RESPONSE 
TO NERVE STIMULATION 


When Not in Attack. Increased response following 
a single muscle contraction: Following a single nerve 
stimulus and muscle response there was an in- 
crease in amplitude of the response to a second 
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Fic. 8. Progressive increase in the muscle action potential (upper sweep) and tension (lower sweep) 
response to nerve stimulation as a result of prior nerve stimulation and muscle contraction. (A. R.., 
May 18, 1955.) Left, response to a train of four nerve stimuli (forty milliseconds apart) showing 
facilitation of the muscle action potential. Right, increased response to a train of four nerve stimuli, 
forty milliseconds apart, after repeated muscle contractions evoked by delivery of this train every 
five seconds for one minute. Facilitation is still present. 


5 mv. 


| 0.5 KQ. 


Fic. 9. Post-tetanic potentiation. Above, increase in tension (lower sweep) and 
action potential (upper sweep) response of muscle to a supramaximal nerve 
stimulus delivered every two seconds following tetanic contraction (4 kg., sweep 
off film) evoked by supramaximal nerve stimulation at 25 per sec. for ten 
seconds. Patient not in attack. (M. H., January 19, 1955.) Below: during an 
attack. The per cent increase in tension response is greater, even though the te- 
tanic contraction is only one-tenth as strong. (M. H., January 9, 1955.) 


stimulus delivered within sixteen milliseconds to 
one second. (Fig. 7.) The tension was increased 
to a slightly greater extent than the muscle 
action potential. The maximum increase in the 
action potential occurred when the two stimuli 
were forty milliseconds apart, and, in the tension, 
eighty milliseconds (the smallest interval at 
which the tension responses were discrete). At 
these intervals the increases in amplitude of 
action potential and tension were 40 and 50 per 
cent in one patient, and 10 and 25 per cent in the 
other two patients. 

In normal subjects there was no change in 
amplitude of the muscle response to a nerve 
stimulus which was delivered at similar intervals 
following an initial muscle contraction [7,76]. 

Increased response during repeated or tetanic muscle 
contraction: Repeated muscle contractions evoked 
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by intermittent nerve stimulation (train of 
four stimuli, forty milliseconds apart, repeated 
every two and one-half to ten seconds for one- 
half to two minutes) resulted in a progressive 
increase in amplitude of the muscle action po- 
tentials and tension, by up to 50 per cent. (Fig. 
8.) During tetanic muscle contraction evoked 
by repetitive nerve stimulation at frequencies of 
1 to 50 per second for up to ten seconds there 
was a similar increase. (Fig. 9.) 

In normal subjects there was no change in 
amplitude of muscle response during intermit- 
tent nerve stimulation, no change or a slight 
increase during repetitive nerve stimulation at 
frequencies up to 25 per sec., and a progressive 
decline during stimulation at 50 per sec. [7,76]. 

Increased response following tetanic muscular con- 
traction (post-tetanic potentiation): Half a second 
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NTERVAL AFTER TETANUS ({seconds) 

Fic. 10. Left, time course of the increase in muscle action potential (e—e) and tension 
(o—o) response to a single supramaximal nerve stimulus delivered at varying intervals 
after tetanic muscle contraction evoked by supramaximal nerve stimulation at 25 per 
second for ten seconds. The amplitude of the tension and action potential response to a 
single stimulus prior to the tetanus is indicated by the broken line drawn at 100 per cent. 
Patient not in attack. Right, increased post-tetanic potentiation of the tension response 
to a single supramaximal nerve stimulus during an attack, as indicated by the per cent 
change in tension response. This occurred even though the tension responses to single 
and tetanic stimulation were reduced to approximately one-tenth the original amplitude. 


aiter tetanic muscular contraction evoked by could be elicited, the per cent increase in re- 


repetitive nerve stimulation at a frequency of 
10 to 200 per second for one-fifth of a second to 
two minutes, or after maximal voluntary con- 
traction, there was an increase in the response to 
a single nerve stimulus. (Fig. 9.) This increase 
became maxinal two to six seconds after the 
repetitive stimulation or maximal voluntary 
- contraction and lasted for three to five minutes. 
(Fig. 10.) The tension response was increased by 
a mean of 71 and 79 per cent, and the muscle 
action potential by a mean of 10 and 8 per cent. 
(Table u.) The degree of post-tetanic potentia- 
tion was less following nerve stimulation at 
such high frequency that the resulting muscle 
contraction was not sustained, for example at 
200 per second, and it was less following repeated 
tetanic contractions. 

In normal subjects there was similar post- 
tetanic potentiation of the mechanical response 
to a nerve stimulus, but the muscle action poten- 
tial was unchanged [7]. 

During Attack. As long as a muscle twitch 


sponse of the muscle during and following paired 
(Fig. 7) or repetitive nerve stimulation (Figs. 9 
and 10), or following maximal voluntary con- 
traction, was greater than prior to the attack. 
When the tension response to single or tetanic 
nerve stimulation was reduced to one-tenth of 
the original force, it was increased after a tetanus 
by a mean of 200 per cent, and the action poten- 
tial was increased by a mean of 25 per cent. 
(Table u.) These changes were significantly 
greater than those which occurred prior to the 
attack or those in normal subjects (P < 0.001 
and < 0.01). When the attack became so severe 
that no tension was elicited, there was no in- 
crease in tension or action potential response 
after tetanic nerve stimulation, even though this 
evoked action potentials of appreciable size. 

In normals ects tetanic contraction of less 
than one-third maximal amplitude, evoked by 
submaximal stimulation, was followed by only 
slight potentiation of the tension response, and 
no potentiation of the action potential [7]. 
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TABLE U 
MUSCLE ACTION POTENTIAL AND TENSION RESPONSE TO A SINGLE NERVE STIMULUS BEFORE AND FOUR 
SECONDS AFTER TETANIC OR MAXIMAL VOLUNTARY CONTRACTION, LASTING TEN SECONDS 


| Not in Attack 


In Attack 


Data 


Number of 


| 
| 
| 


pa | Muscle Action ‘Tension Studies in _ Muscle Action ‘Tension 
| Potential (mV.) (kg.) | Potential (mV (kg.) 
| 
Before tetanic contrac- | | 
tion. 15 | 7540.2 |0.5+0.1 3 | 3.240 0.1+0 
| 8.2+02 |08+0.1 4.0+0.1 0.2+0 
Per cent increase. . . 10 +2 71 + 21 25 +3 200 + 0 
Before maximal volun- | 
tary contraction. ..... | 4 0.5 + 0.05 
Per cent increase....... | 8 + 0.7 79 + 42 


Note: Mean values + S.E. of mean. Tetanic contraction elicited by nerve stimulation at 25 per second. 


During Recovery. Following administration of 
potassium chloride and improvement in muscle 
response, the increase in response during and 
following paired or repetitive nerve stimulation, 
or following maximal voluntary contraction, 
continued to be greater than when the patient 
was not in an attack. 


EASE OF DEPOLARIZATION BY ACH OR OTHER 
DEPOLARIZING COMPOUNDS 


When Not in Attack. ‘There was no difference 
between the patients studied and normal sub- 
jects [/7,78] in the ease of depolarization of 
muscle by either intra-arterially injected ACh 
(1 to 10 mg.), neostigmine (0.1 to 1 mg.), 
choline (15 mg.) or decamethonium (0.05 mg.), 
as indicated by the depressant effect of these 
compounds on the muscle action potentials and 
tension evoked by nerve stimulation. 

During Attack. Resistance to depolarization 
developed, particularly by ACh. The “prompt” 
depressant effect of this compound on the muscle 
action potentials and tension evoked by nerve 
stimulation was markedly inhibited concomitant 
with the reduction in amplitude of the potentials 
and tension. (Fig. 3.) These were amplified in 
recording in order to maintain accuracy of 
measurement. The depressant effect of neostig- 
mine on evoked muscle potentials and tension 
was reduced and delayed. (Fig. 11.) The depres- 
sant effect of choline and of decamethonium was 
delayed, but only slightly reduced. At no time 
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did ACh or any of the other depolarizing com- 
pounds produce an increase in amplitude of 
evoked muscle potentials or tension. ‘Thus, these 
compounds did not reverse the defect in muscle 
function that was present during the attack. 
During Recovery. Following spontaneous im- 
provement, or administration of potassium 
chloride, the resistance to depolarization disap- 
peared, as indicated by return of the prompt 
depressant effect of ACh and of choline. This 
occurred more rapidly than recovery of the 
evoked muscle potentials, and much more 
rapidly than recovery of muscle tension and 
strength. [wo to three hours after the ingestion 
of potassium chloride the prompt depressant 
effect of ACh and choline became greater than 
it was prior to the attack, indicating an increase 
above normal in ease of depolarizatior:. (Fig. 3.) 


INFLUENCE OF CORTISONE ON DEVELOPMENT 
OF WEAKNESS 


The daily administration of 200 mg. of corti- 
sone orally for three or more days prevented 
induction of an attack by an evening meal which 
was high in carbohydrate, and which was fol- 
lowed by oral glucose, in two patients on each of 
six days. During this time sodium chloride 
intake was restricted to 4 gm. a day but potas- 
sium chloride was not administered. Sodium 
chloride restriction had no influence prior to 
cortisone administration, when a severe attack of 
weakness was induced by a similar evening meal 
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Fic. 11. Left, plasma potassium concentration, muscle action potential (upper sweep) and tension (lower sweep) re- 
sponse to four nerve stimuli-(forty milliseconds apart) and depressant effect of intra-arterial neostigmine on this re- 
sponse, when the patient was not in an attack. The amplitude of the first (e—e) and fourth (o-—o) muscle action po- 
tentials in response to a train of four nerve stimuli (forty milliseconds apart) evoked every five seconds has been plotted 
below. Right, decrease in plasma potassium concentration, in muscle action potential and tension response to nerve 
stimulation, and in depressant effect of neostigmine on this response, during an attack. 


followed by oral glucose in fourteen of seven- 
teen trials. 


ELECTROCARDIOGRAPHIC CHANGES 


Following the administration of food, glucose, 
insulin or epinephrine, the characteristic electro- 
cardiographic changes of hypokalemia began at 
the same arterial potassium concentration as in 
normal subjects, 3.3 mEg./L. As in normal sub- 
jects the first change to appear was the positive 
after-potential, followed by prolongation of the 
PR, QRS and QT intervals and lowering of the 
T wave. (Fig. 4.) With further reduction in 
arterial potassium concentration the changes be- 
came more pronounced but were much less 
severe than the concomitant alterations in 
evoked muscle action potentials. The electro- 
cardiographic changes were moderately greater 
than those seen in normal subjects following the 
induction of comparable degrees of hypokalemia, 


but the difference was much less than in the 
case of skeletal muscle. Following the administra- 
tion of potassium chloride the electrocardiogram 
returned to normal, concomitant with the im- 
provement in skeletal muscle function. This was 
followed by peaking and elevation of the T waves 
above the initial level. 


COMMENTS 


Movement of Potassium. In three patients with 
periodic paralysis, attacks of weakness, whether 
“spontaneous” or induced, were invariably 
associated with reduced plasma potassium con- 
centration and abnormally high arteriovenous 
difference, indicating abnormal uptake of the 
ion by the forearm. Glucose, which caused 
uptake of potassium by the forearm in normal 
subjects, produced more marked reduction in 
venous potassium concentration in these pa- 
tients, probably owing to more marked uptake of 


AMERICAN JOURNAL OF MEDICINE 


e VENOUS 
ARTERIAL 
| 
= 
mv 
| 
tential 
| 
~ | 
34 | 
Neostigmine 0.1 mg 
| | | 
| 
3 
> 


Potassium and Muscle Function—Grob et al. 371 


the ion by muscle. Epinephrine may also have 
produced greater uptake than in normal sub- 
jects but the difference was less striking. Insulin, 
which caused loss of potassium from the forearm 
in normal subjects and entry into some other 
site, caused uptake of potassium in the patient 
studied. 

Since muscle constitutes the greatest part of 
metabolically active tissue in the forearm, move- 
ment of potassium into or out of the extremity 
was ascribed to changes in the concentration or 
content of potassium in the muscle cells. Move- 
ment of water was not studied, nor was direct 
analysis of muscle performed, so that changes in 
concentration and content could not be differ- 
entuiated. Direct analysis of muscle has recently 
been reported in one patient [6|. The limited 
data indicated an increase in intracellular water 
and potassium content during an attack of peri- 
odic paralysis, without change in concentration. 

Mild attacks of weakness were frequently 
present when the plasma potassium had fallen 
to only low normal levels, but there was always 
a positive arteriovenous difference in the fore- 
arm. Slow uptake of potassium by muscle may 
account for reported attacks of periodic paralysis 
which were unaccompanied by reduction in 
plasma potassium concentration, but which 
were relieved by administration of potassium 
chloride [7,8,79]. It would not account for the 
rare occurrence of familial periodic paralysis in 
which attacks are not relieved by potassium | 20}: 
this disorder appears to have a different etiology. 

Rest accelerated the reduction in plasma 
potassium and progression of weakness, proba- 
bly by aiding the uptake of potassium by muscle. 
Exercise had the opposite effect. During attacks, 
as well as during recovery, muscle contraction 
resulted in a greatly increased output of potas- 
sium from muscle, probably owing to ab- 
normally high intracellular concentration or 
content of the ion. In normal subjects heightened 
output was observed after the administration of 
potassium chloride, which is believed to increase 
the intramuscular concentration or content of 
the ion [7]. It is possible that there is increased 
permeability of the cell membrane to the exit 
of potassium during attacks of paralysis, but no 
such abnormality was present prior to the at- 
tack when muscle contraction resulted in less 
output of the ion than in normal subjects. In 
contrast, there appeared to be increased ease of 
entry, or uptake, of potassium both before and 
during the development of paralysis. 
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Spontaneous recovery was associated with 
evidence of slow loss of potassium from muscle, 
and both were increased by muscular activity. 
After the administration of potassium chloride 
there was an increase in plasma potassium con- 
centration, without evidence of movement of 
potassium into or out of muscle during the first 
hour. This was followed by slight improvement 
in strength. The ensuing increase in muscular 
activity was accompanied by, and may have 
been responsible for, the marked loss of potas- 
sium from muscle which then occurred. This, in 
turn, was followed by, and was probably respon- 
sible for, more rapid improvement in strength. 

The cellular transport of potassium ions is fre- 
quently associated with reciprocal exchange of 
sodium ions [27], but no changes in plasma con- 
centration of sodium were detected which were 
greater than the error of the analytic procedure. 
Reciprocal transfers of sodium and potassium 
between the intracellular and_ extracellular 
compartments during an attack of paralysis, and 
following recovery, have been described in one 
patient [3]. 

The action of cortisone in protecting against 
the induction of attacks of periodic paralysis 
provides an additional tool for study of the 
disease. However, the hormone does not seem 
to have any advantage over the prophylactic 
administration of potassium chloride in clinical 
management, particularly since prolonged use 
increases urinary excretion of potassium and 
must be supplemented by daily ingestion of the 
ion. 

Muscle Function. During attacks of periodic 
paralysis there were at least three abnormalities 
of muscle function: (1) reduction in responsive- 
ness to nerve stimulation; (2) reduction in spread 
of the excitation wave along the muscle fiber; 
and (3) reduction in contractility. 

Reduced responsiveness was manifested by 
diminution in amplitude of muscle action poten- 
tials evoked by nerve stimulation. It was accom- 
panied by a decrease in the depolarizing action 
of injected ACh, and therefore may be due, at 
least in part, to resistance to the action of ACh 
released from the motor nerve endings. Similar 
changes occur in the experimental animai fol- 
lowing application to the motor end-plate 
region of an anodal current, which produces an 
increase in the resting membrane potential 
above the normal level (hyperpolarization) [22]. 
An increase in the resting membrane potential 
has also been observed in the experimental 
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animal following increase in the ratio of intra- 
cellular to extracellular concentration of potas- 
sium [23]. It is likely that a similar change 
occurs during attacks of periodic paralysis, 
and that this hyperpolarization is responsible 
for decreased responsiveness of the muscle to 
nerve stimulation and to the depolarization 
action of ACh. The action of ACh is specific 
for the motor end-plates [24], so that, while 
reduction in amplitude of the muscle action 
potentials in the end-plate region can be ascribed 
to hyperpolarization in this region, reduction 
in spread of the excitation wave indicates that 
there is resistance to depolarization in other parts 
of the muscle fiber as well. It is probable that the 
entire muscle membrane is hyperpolarized. 

Decreased force of muscle contraction devel- 
eped more rapidly during attacks of paralysis, 
and was generally more striking than the con- 
comitant reduction in amplitude and propaga- 
tion of the muscle action potentials. A defect 
in the contractile mechanism may therefore be 
the most important of the changes in muscle 
function. [his defect, too, may be due in part to 
hyperpolarization of the muscle membrane, 
since a high membrane potential 1s said to keep 
actomyosin in an uncontracted state |25]. It may 
also be due to increased intracellular concentra- 
tion of potassium, which is also reported to 
reduce contractility of actomyosin [26]. 

The weakness of periodic paralysis appears 
to be due to the following sequence: (1) ab- 
normal uptake of potassium by muscle; (2) 
marked increase in the intracellular to extra- 
cellular concentration ratio of this ion; (3) 
hyperpolarization of the muscle membrane; and 
(4) reduction in muscle responsiveness to nerve 
stimulation, in propagation of excitation, and in 
contractility. It is not known whether the ab- 
normal uptake of potassium by muscle resulted 
in increased intracellular concentration of the 
_lon, or in increased content without change in 
concentration. If the changes in muscle function 
were due to an increase in the intracellular to 
extracellular concentration ratio of potassium, 
it seems likely that there was an increase in 
intracellular concentration, since weakness in 
periodic paralysis is more frequent and severe 
than in other disorders associated with hypo- 
kalemia, and occurs at lesser degrees of hypo- 
kalemia. In other disorders in which there 
is reduced plasma potassium concentration, 
whether due to excessive loss or deficient uptake 
of potassium [27], or to administration of insulin 


(28| or adrenal cortical hormones |29}, there is 
either no change or a decrease in the intra- 
cellular concentration of the ion, so that any 
increase in concentration ratio is due to the 
hypokalemia alone. An increase in the intra- 
cellular concentration of potassium during 
attacks of periodic paralysis would result in a 
more marked change in concentration ratio and 
in muscle function. In order for the intracellular 
concentration (or content) to increase signifi- 
cantly, it is evident that there would have to be 
a shift to muscle of potassium from other tissues, 
since the total extracellular content of the ion is 
normally less than 2 per cent of that in muscle, 
and cannot alone significantly affect the latter. 
An increase in the potassium content of muscle 
by 39 per cent during an attack of periodic 
paralysis has been reported [6]. It is not known if 
a change in intracellular content of potassium 
may affect membrane potential and function of 
muscle in the absence of a change in intracellular 
concentration. 

Weakness due to periodic paralysis was re- 
versed by muscle activity or administration of 
potassium, probably as a result of decrease in the 
intracellular concentration or content of potas- 
sium, in the concentration ratio of this ion, and 
in the membrane potential. Both procedures 
resulted in a striking loss of potassium from muscle. 
Iwo to three hours after the administration of 
potassium chloride and shortly after the loss of 
potassium from muscle which accompanied 
return of muscular activity, there was evidence 
of transient decrease in the membrane potential 
below normal. The depolarizing action of 
injected ACh or choline exceeded that observed 
prior to the attack, probably owing to temporary 
decrease in the concentration ratio of potassium 
below normal. A similar change occurred fol- 
lowing the administration of potassium chloride 
to normal subjects [7]. It resembles the effect of 
application of a cathodal current to the end- 
plate region [22]. 

The effect of motor activity in retarding the 
onset of weakness and accelerating recovery may 
account for the relative resistance of the muscles 
of respiration during attacks of paralysis. It is of 
interest that when weakness occurs in severe 
hypokalemia due to other causes the muscles of 
respiration may be affected at the same time as 
the peripheral muscles [28], presumably because 
the increased potassium ratio is due to hypo- 
kalemia alone. 

Muscle activity resulted in improvement in 
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function even when patients were not in an 
attack. This suggests that there may be some 
increase in the intracellular concentration of 
potassium, concentration ratio and membrane 
potential at that time, even though muscle 
contraction did not result in abnormal output of 
the ion. Both single and tetanic muscle contrac- 
tions produced an increase in the muscle action 
potential and tension response to nerve stimula- 
tion, whereas in normal subjects a single muscle 
contraction was not followed by any change in 
response, and tetanic contraction was followed 
by potentiation of the tension, but not of the 
muscle action potential [7]. It could not be 
ascertained whether the increase in muscle 
action potential response was due to improve- 
ment in propagation of the action potential 
along each muscle fiber, or to an increase in the 
number of fibers excited by nerve stimulation. 

During attacks of weakness muscle. contrac- 
tion was followed by greater post-tetanic poten- 
tiation of muscle action potential and tension, 
and more output of potassium from the muscle, 
than occurred prior to the attack or in normal 
subjects. This took place even though muscle 
contraction was greatly reduced in force, to 
levels at which no potentiation or potassium 
release occurred prior to the attack or in normal 
subjects. However, when the attack became so 
severe that no tension was elicited on nerve 
stimulation there was no increase in the action 
potential or tension response, even after pro- 
longed repetitive nerve stimulation which 
evoked muscle action potentials. Therefore, the 
effect of muscle activity in improving action 
potential and tension response in_ periodic 
paralysis is a postjunctional (muscle fiber) 
phenomenon, as in normal subjects [7], and is 
probably due to muscle contraction and resulting 
release of potassium. 

Although the reduced responsiveness of muscle 
to nerve stimulation which occurred during 
attacks of weakness was associated with resist- 
ance to the depolarizing action of ACh, it was 
not made worse by repetitive nerve stimulation, 
or ameliorated by the administration of ACh or 
neostigmine. In this regard, the defect resembles 
that which is produced by application of an 
anodal current [22], and differs from the neuro- 
muscular block which is produced by curare in 
normal subjects [78] and from that which is pres- 
ent in patients with myasthenia gravis [30]. The 
latter are attributable primarily to resistance to 
the action of ACh on the motor end-plates. In 
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partially curarized animals |37| or man [78], and 
in patients with myasthenia gravis [30], an 
increase in muscle action potential response to 
nerve stimulation occurs following a condition- 
ing stimulus or tetanus, but the properties, and 
probably the mechanism, of this facilitation 
differ from those seen in patients with periodic 
paralysis. In curare block and in myasthenia 
gravis the facilitation has a much shorter time 
course, and is attributable to increased release 
of ACh from the motor nerve endings. It is pre- 
junctional (nerve ending) in origin, since it is 
pronounced even after repetitive nerve stimula- 
tion at a frequency so rapid that muscle con- 
traction is not maintained [76,78|. In patients 
with periodic paralysis this does not occur, pro- 
viding additional evidence that post-tetanic 
potentiation in this disease is postjunctional, 
and attributable to muscle contraction and 
resulting release of potassium. 

Cardiac Function. The electrocardiographic 
changes which occur during hypokalemia in 
normal subjects and in patients with periodic 
paralysis indicate that there is resistance to 
depolarization and repolarization of cardiac 
muscle, particularly the latter. The earliest 
change, the positive after potential, has been 
studied in detail | 32]. While there was no precise 
correlation between the degree of electrocardio- 
graphic changes and of hypokalemia, the 
changes were moderately greater in patients with 
familial periodic paralysis than in normal sub- 
jects at comparable plasma levels {7}. How- 
ever, the difference was far less than in the 
case of skeletal muscle function. It is possible 
that the concentration ratio of potassium may be 
less important in cardiac muscle function than 
the extracellular concentration, in contrast to 
skeletal muscle. Study of this problem in experi- 
mental animals has yielded conflicting results 
| 33,34]. It seems more likely that the concentra- 
tion ratio is important, but may not be as high 
in cardiac as in skeletal muscle during attacks of 
periodic paralysis, owing to the continual activ- 
ity of cardiac muscle, which normally has a 
lower concentration of potassium [35]. 


SUMMARY 


Study in two patients with familial periodic 
paralysis and in one with non-familial periodic 
paralysis of potassium movement and _ asso- 
ciated changes in muscle function yielded the 
following results: 


@ 
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i. [he administration of glucose produced a 
greater fall in venous potassium concentration 
in these patients than in normal subjects, proba- 
bly owing to greater uptake of the ion by 
muscle. 

2. The administration of epinephrine may 
have produced greater uptake of potassium by 
muscle in these patients than in normal subjects, 
but the difference was less marked than in the 
case of glucose. 

3. The administration of insulin resulted in 
evidence of movement of potassium into muscle, 
in contrast to movement out of muscle in normal 
subjects. 

4. Attacks of weakness which occurred spon- 
taneously or following the administration of food, 
glucose or insulin were associated with reduced 
plasma potassium concentration and abnormally 
high arteriovenous difference, indicating ab- 
normal uptake of the ion by muscle, and with 
reduction in muscle responsiveness to nerve 
stimulation and acetylcholine, in propagation of 
excitation, and in contractility. 

5. In these patients muscle contraction during 
attacks, even though very weak, caused more 
loss of potassium from muscle and greater in- 
crease 1n muscle responsiveness and contractility 
than prior to the attack, or than in normal 
subjects. 

6. Spontaneous recovery from weakness was 
associated with leakage of potassium from mus- 
cle, and was accelerated by exercise. During 
recovery following the administration of potas- 
sium chloride there was, first, slight improve- 
ment in strength which was followed by loss of 
potassium from muscle, and then more rapid 
improvement. 

7. The weakness of periodic paralysis ap- 
pears to be due to the following sequence: (1) ab- 
normal uptake of potassium by muscle; (2) 
marked increase in the intracellular to extra- 
cellular concentration ratio of this ion; (3) hyper- 
polarization of the muscle membrane; and (4) 
reduction in muscle responsiveness to nerve 
stimulation, in propagation of excitation, and in 
contractility. 
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The Electrocardiogram and Potassium 
Metabolism’ 


Electrocardiographic Abnormalities in Primary Aldosteronism 


and Familial Periodic Paralysis 


F. S. P. van BucHEmM, M.D. 
Groningen, The Netherlands 


HAT disturbances in potassium metabolism 
give rise to  electrocardiographic 
abnormalities has been known for some time. 
The present publication aims to elucidate this 
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dilated. The ocular fundi showed bilateral papil- 
ledema with contracted vessels. The daily urine pro- 
duction was 2,500-5,000 ml., the specific gravity was 
1.001-1.004 (maximally 1.016), urea clearance was 


Fic. 1. Primary aldosteronism; preoperative electrocardiograms with serum potassium and serum sodium levels. 


correlation by comparing the abnormalities 
occurring in primary aldosteronism with those 
observed in familial periodic paralysis, two 
widely divergent disturbances of potassium 
metabolism. In addition it is hoped that the data 
will throw some light on the relationship between 
the electrocardiographic abnormalities and mus- 
cular paralysis in general. ‘he importance of this 
has been stressed by Tarail [7]. 

The Electrocardiogram in Primary Aldosteronism. 
The clinical data on this patient will be presented 
only briefly; a more extensive review may be 
found in another publication [2]. 


This seventeen year old boy had suffered from 
polyuria and polydipsia since early childhood. He had 
no muscle weakness or myopareses. The blood pres- 
sure was markedly increased (195/125—220/150 mm. 
Hg). The brachial artery was palpable and the aorta 


120 per cent and the phenolsulfonphthalein 80 per 
cent. The potassium serum was 1.7 to 2.8, 
serum sodium, 143 to 150; serum chloride, 100 
mEq./L.; the serum calcium, 9.9 mg. per cent; 
alkali reserve, 57 volumes per cent, pH 7.44. We are 
indebted to Dr. A. Wettstein of Basle for determina- 
tion of the aldosterone excretion. This was clearly 
increased: 34 wg./twenty-four hours. Cardiac cathe- 
terization yielded the following results: 


Pressure Saturation 
(mm. Hg) | (%) 
Right atrium........... 0 | 72.5 
Right ventricle.......... | 38/0 
Pulmonary artery trunk. . 35/10 | 
Pulmonary ‘“‘capillaries”.., 10 | 99.3 


| | 


* From the Department of Internal Medicine, State University of Groningen, The Netherlands. 
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Fic. 2. Primary aldosteronism; 
levels. 


Since the findings were rather suggestive of an 
adrenal tumour, presacral insufHation of air was 
performed. This clearly outlined the contour of the 
kidneys and adrenals, but no tumour was demon- 
strable. Exploratory laparotomy also failed to reveal 
a tumour but both adrenals showed hyperplasia. 
The whole right adrenal and about %o of the left 
adrenal were resected. The weight of the right 
adrenal was 7.9 gm., that of the resected part of the 
left adrenal 8 gm. Microscopic examination (by Dr. 
A. Arends) proved the cortex of both adrenals to be 
markedly hyperplastic (the zona fasciculata + zona 
glomerulosa). Postoperative recovery was uneventful. 
The blood pressure became normal (130—140/90 mm. 
Hg); the polyuria and polydipsia disappeared; the 
serum potassium became 4.5-5 and the serum sodium 
132 to 137 mEq./L. The urine excretion was 1,400 to 
1,700 ml./twenty-four hours, maximum specific grav- 
ity after three weeks was 1.022, and the aldosterone 
excretion was 10 ug./twenty-four hours. 

The preoperative electrocardiogram showed the 
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postoperative electrocardiogram with serum potassium and serum sodium 


abnormality characteristic of potassium deficiency. 
(Fig. 1.) At first sight the electrocardiogram seemed to 
show a left-strain pattern but the simultaneous 
lowering of the T wave and the rise of the U waves 
with an apparently prolonged QT indicated the 
presence of hypopotassemia. The disappearance of 
the apparent left-strain pattern within a few weeks 
postoperatively confirmed this explanation. It was 
also observed that, in agreement with the findings of 
Lepeschkin and Surawicz [3], the QT interval was 
only apparently prolonged due to the fusion of the T 
and U waves. The point of transition between T and 
U could be demonstrated at various places, and it 
was always found to be precisely iso-electric. After the 
subtotal adrenalectomy the serum potassium and 
sodium levels reached normal values in several days, 
and the aldosterone and potassium excretion de- 
creased as did the sodium retention. It took five 
weeks, however, before the electrocardiogram be- 
came entirely normal again; (Fig. 2.) One week after 
surgery the T waves were still flat, especially in n, 
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TABLE | 
PRIMARY ALDOSTERONISM 
Blood sugar (S0gr gluc) Blood sugar 
Before operation operation After operation IS 
3/1 30/1 31/1 9/2 1/3 15/3 /, 

Serum 

K. 17. 25 111 98 6.4 4.2 4,2 4,25 100 

Na. 143 150 140 135,2 138 140,5 140 129 

Gl. 100 160 108 114 108 108 120 

pH 7.44_7,50 154 139 7.29 7,33 7,34 7,39 103 

Alk res. 56 Ve 154 141 3B8,ivol%o | 26vol.%. | 36vol.% | 45,8vol %o 110 

Urea 25,2 mg 120 122 45mg 45mg | 35mg % | 42mg %o 113 
Urine 

pH 6.9_ 7.1 4.6 4.92 5.13 5.3 

titr. acid. 24 29 28 
E C.G. hypop. patt. hypop. patt.| normal normal | normal 

195/125 140/90 |150/100 | 140/90 | 150/90 | 150/95 
Bloodpressure 530/150 
AVL, AVF and V6. In the subsequent weeks flat T cent during the course of the first weeks, and the 


waves were again observed in 1, AVL, AVF and a 
negative I’ in V6; the T waves became temporarily 
negative again ini, u and AVL. Only in V4 did the T 
wave remain normal after the first week. 


This delayed recovery of the electrocardio- 
eram after potassium repletion, with a normal 
serum potassium level, had been observed pre- 
viously, although less strikingly, by Schwarz and 
co-workers [4] in patients recovering from potas- 
sium deficiency caused by severe diarrhoea. 
Weller and co-workers [5] also found, in their 
experiments with dogs, that the recovery of the 
ST segment was delayed in comparison with the 
restoration of the serum potassium level. In 
agreement with Currens et al. [6], Weller et al. 
(5) and Huth and Squires [7], we believe that the 
discrepancy between serum potassium level and 
electrocardiographic findings should be at- 
tributed to the fact that the intracellular rather 
than the extracellular potassium is of primary 
significance in the etiology of the electrocardio- 
sraphic changes. 

We were able to find several indications in our 
patient that recovery of the _ intracellular 
equilibrium occurred much later than the extra- 
cellular restitution. This was first shown by 
study of the acid-base balance. Before surgery 
the alkali reserve and pH were on the high nor- 
mal side, and “‘alkaline”’ urine was consistently 
excreted (pH 6.9 to 7.1). Postoperatively the 
urine became markedly acid (pH 4.6 to 4.9), 
while the alkali reserve fell to 26 volumes per 


blood pH changed from 7.44 to 7.29. (Table 1.) 
Acidosis during the period of convalescence was 
also found by Cooke et al. [8,9] in an experi- 
mental investigation on rats. After the produc- 
tion of potassium depletion they administered 
potassium chloride. Subsequently the urine of 
the rats became very acid (low pH, high value of 
titratable acidity). These authors explained 
this phenomenon by the fact that during the 
period of potassium deficiency the intracellular 
lack of potassium was partially compensated for 
by hydrogen ions. In the phase of recovery from 
the potassium deficiency the hydrogen ions from 
the cells were again exchanged for potassium 
ions; this gave rise to an increased acid excre- 
tion. It is possible that this mechanism was 
operative in our patient in whom increased 
aldosterone production had likewise induced 
potassium depletion. electrocardiogram 
reverted to normal somewhat earlier than the 
acid-base balance. 

An investigation of the carbohydrate metab- 
olism also indicated the retarded intracellular 
recovery. Preoperatively the blood sugar curve 
after loading with 50 gm. glucose did not rise 
very high (about 160 mg. per cent) but the fall 
proved to be delayed: the initial value was 
not reached after two hours and thirty minutes. 
(Fig. 3.) As we have discussed elsewhere in 
extenso |10| this should probably be attributed 
to an intracellular disturbance of carbohydrate 
metabolism. During the first four postoperative 
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Bloods. mg.%o 
160% 


150: 


Before operation 


4 weeks after operation 


140 
130: 


120! 
110 
100: 
90: 
80! 


10 weeks after operation 


Fasting 
50 gr glucose 


V2 h. 1h. 


Fic. 3. Primary aldosteronism; blood sugar curves pre- and postoperatively. 


weeks we found the same abnormal curve as be- 
fore the operation; in fact, the glucose tolerance 
test did not become normal until ten weeks after 
the operation. (Fig. 3.) 

A striking feature was that with such a low 
serum potassium level our patient never had any 
pareses or paralyses before operation. The only 
abnormality noted was increased fatiguability on 
tetanic stimulation of the muscles. This muscular 
excitability also recovered slowly postoperatively 
over a period lasting several months. Neverthe- 
less, a muscle biopsy (carried out during the 
operation before the patient had been given 
cortisone) showed a low potassium and high 
sodium concentration in the muscle: potassium, 
67.5 mEq./kg. fresh muscle (normally 91 to 107 
mEq.) Na 52.4 mEq. (normally 26 to 36 mEg.). 
These observations therefore indicate that in 
potassium deficiency there is no correlation 
whatsoever between the muscle paralyses and 
the electrocardiographic deviations. 

In addition to the electrocardiographic 
changes, microscopic lesions of the myocardium 
due to potassium depletion have repeatedly been 
observed in man [7/—75], in rats |76,/7] and in 
pigs [78]. It is remarkable that Follis [77] did not 
observe morphologic changes in the muscles 
whereas the myocardium showed necrosis and 
scar formation: ‘The striated myofibrils as well 
as the involuntary fibres were not damaged.” 
Our patient, who probably has suffered for many 
years from a severe potassium deficiency, with 
significant electrocardiographic abnormalities, 
did not show morphologic changes in the mus- 
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cles either (Vos). The available data therefore 
suggest that the myocardium and the skeletal 
muscles react in a different way to potassium 
depletion. 

The Electrocardiogram in Familial Periodic Paraly- 
sis. The electrocardiographic changes in this 
rather rare disease were first described by 
Stewart and co-workers | 79]. Biemond et al. [20] 
were the first to observe a decreased serum potas- 
sium level in these patients during paralytic 
attacks; this was confirmed by many investi- 
gators {27—25, and others]. 

The clinical data of a case observed by us may 
be summarized as follows: 


The nineteen year old patient suffered his first at- 
tack of paralysis five years before, during a football 
game. A fortnight later he had another attack, while 
he was sitting quietly. The attacks started in the toes 
and fingers, later spreading to his feet and legs. He 
was unable to move them, and lost his balance. Later 
on his neck and arms also became involved. All this 
passed off when he was able to sleep. Sometimes he 
woke up during the night unable to move. At times he 
suffered an attack nearly every day. The duration of 
the attacks varied from twenty hours to three days. 
The attacks subsided under treatment with potassium 
chloride. After an attack, strength first returned to his 
legs and then gradually to the upper part of his body. 
There were no warning symptoms preceding the 
attacks. They generally occurred in the evening or 
during the night. The attacks were promoted by meals 
rich in carbohydrates. His appetite was good, mictu- 
rition and bowel movements were normal. ‘There was 
no nycturia and no emaciation. His grandfather 
apparently suffered from the same affection. 
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Physical examination did not reveal any ab- 
normalities. The patient was a young man of normal 
body build. The blood pressure was 125/60 mm. Hg. 
The heart and lungs were normal. The liver and 
spleen were not palpable. Apart from the attacks there 
were no neurologic abnormalities. ‘There were no 
sensory disturbances during attacks and the state of 
consciousness was normal. There were no respiratory 
difficulties. 

Examination of the urine showed specific gravity 
1.027, no protein, no glucose. The blood hemoglobin 
level was 97 per cent; erythrocytes 4,910,000, leuko- 
cytes 6,400 per cu. mm. The urea clearance was 88.4 
per cent, phenolsulfonphthalein 68 per cent. During 
the attacks the serum potassium level fell to 3.2 
mEgq./L. When there was no paralytic attack the 
serum electrolytes were normal (serum potassium, 4; 
serum sodium, 141 mEq./L.); alkali reserve, 54.4 
volumes per cent; pH 7.40. Table m shows the potas- 
sium and sodium excretion and also the pH, the 
acidity of the urine and the ammonia excretion. Dur- 
ing this period the patient was given a standard diet. 
He was given ammonium chloride for a period, and 
on the day of an attack 1.5 gm. potassium chloride 
extra. We are indebted to Dr. A. Wettstein for the 
determination of the aldosterone excretion. This was 
normal (2.8 to 4 wg./twenty-four hours), both on the 
day of an attack and on another day. The excretion of 
17-hydroxycorticoids (1.8 mg./twenty-four hours) and 
17-ketosteroids (3.8 mg./twenty-four hours) and also 
of all fractions of the 17-ketosteroids (Table m1) was 
definitely decreased. Between attacks the electro- 
cardiogram was normal. During the paralytic attacks 
the electrocardiogram showed the abnormality 


characteristic of hypopotassemia. (Fig. 4.) 


The striking difference between this patient 
and the first one is that the second patient al- 
ways showed an association of the lowered 
serum potassium level and the electrocardio- 
graphic abnormalities with the paralvses. 

The nature of the change in potassium metab- 
olism in this disease is not yet clear. It is true that 
the serum potassium level is lowered during the 
paralytic attacks, even though this fall is not 
necessarily striking. In some patients the attacks 
occur at lower potassium levels than in other 
patients. Occasionally attacks have been ob- 
served with normal serum potassium levels | 26). 
In our patient the serum potassium level was 
never lower than 3.2 mEgq./L. during the at- 
tacks. Normal persons generally do not suffer 
from paralyses after such a moderate decrease 
in serum potassium. This suggests that it is not 
the serum potassium level per se which is responsi- 
ble for the occurrence of the attacks. As Allott 
and McArdle [27,28] indicated as early as 1938, 
my an abnormality of the neuromuscular 
apparatus being another essential part.’ Balance 
studies proved that this fall in the serum potas- 
sium level was not caused by an increased potas- 
slum excretion; on the contrary, Allot and 
McArdle [27,28] found a lower excretion on the 
days of the attacks. Even in our patient, who 
received an additional 1.5 gm. potassium during 
the attack, the excretion was not increased. 
(Table u.) During the attacks Jantz { 24] observed 
a higher potassium concentration in the muscles 
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‘TABLE II 
FAMILIAL PERIODIC PARALYSIS 
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than in the absence of attacks. Danowski and 
co-workers |29| established the occurrence of a 
shift of potassium from the extracellular into the 
intracellular space at the onset of the attacks. It 
is, however, not known to which tissues this shift 
is directed. On the basis of Jantz’s data it seems 
probable that potassium moves into the muscle 
cell. Zierler [30] demonstrated the occurrence 
of a nocturnal shift of potassium into the muscle 
cell, which was five to ten times greater in 
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patients with periodic paralysis than in normal! 
persons. The observed rate of entry into muscle 
of up to 1 mEq. potassium/hour/kg. muscle 
might well account for the concurrent disap- 
pearance of potassium from the extracellular 
fluid. Initially there seems to be an increased 
potassium requirement of the muscles; these 
demands are satisfied from extracellular sources 
of potassium, and thus the fall in the serum 
potassium level is brought about. ‘The cause of 
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this temporarily increased potassium require- 
ment is unknown. It has been suggested that 
there is a deficiency of ionized potassium | 24], 
possibly due to binding of potassium to the 
muscular proteins [37]. In these patients the 
attacks can be produced by administration of 
large doses of glucose, by injection of insulin, 
and especially by the combined administration of 
glucose and insulin. By these measures the shift 
of potassium into the cells is stimulated, since 
potassium is necessary for intracellular carbo- 
hydrate metabolism. 

The muscle paralysis usually disappears when 
potassium chloride or citrate is administered 
and the paralytic episodes may be prevented by 
prescribing a high protein low carbohydrate diet, 


with moderate quantities of fat; this keeps the - 


serum potassium level normal [32]. 

Conn et al. [33] reported that the paralytic 
attack in these patients is preceded by retention 
of sodium and that recovery from the attack was 
associated with massive sodium diuresis. They 
consider sodium retention to be the primary 
factor which sets into motion the characteristic 
chain of events in an episode of periodic paraly- 
sis, but they add that this does not mean that a 
sudden increase of intracellular potassium does 
not influence the onset of a paralytic attack. The 
observation in our patient with primary aldos- 


wv 
3,8 mgr /24 uur 


teronism of a marked increase in the sodium con- 
tent of the muscle without paralysis indicates 
that sodium retention in the muscle cell in itself 
is not the essential abnormality. As Conn also has 
suggested, the sum of the intracellular cations 
may be a critical factor in the muscular paralysis 
(cf. Cannon |34)}). 


CONCLUDING REMARKS 

As indicated in the discussion of the first pa- 
tient, the electrocardiographic abnormalities 
occur regularly as a result of intracellular potas- 
sium depletion even when the extracellular level 
is normal. In periodic paralysis, potassium deple- 
tion may develop in the myocardium as a 
result of the shift of potassium towards the cells 
of the skeletal muscles; this probably also causes 
the fall in the serum potassium level. ‘These 
considerations explain the close parallel between 
the decrease of the serum potassium level and the 
electrocardiographic changes in periodic paraly- 
sis. Our data suggest a remarkable difference 
between the myocardium and the skeletal mus- 
cles in their responses to potassium depletion. In 
our first patient with aldosteronism muscle 
paresis developed only during the first few post- 
operative days. It is fairly certain that in this 
phase there was a shift of potassium into the 
muscle cells. In other conditions muscle paralyses 
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due to potassium depletion also occur particu- 
larly during the phase of a shift of potassium 
into the cells (paralysis in the treatment of 
diabetic coma with large amounts of glucose and 
insulin). In this connection one should remember 
that paralyses similar to those seen in hypo- 
potassemia have been observed in patients with 
increased plasma potassium due to severe renal 
insufficiency | 35,36]. It is difficult to obtain ade- 
quate data on the ratio of intracellular and extra- 
cellular potassium levels in these complicated 
conditions. 

It would appear from the available data that 
the conditions leading to the development of 
muscular paralysis are different from those re- 
sponsible for the occurrence of the electrocardio- 
graphic changes. A sudden marked shift of 
potassium into the cells seems to be especially 
important. [he chances for this are greater when 
an intracellular potassium deficiency exists. 
Severely disturbed muscular reactions to tetanic 
stimulation, however, have not been found when 
potassium depletion was produced gradually in 
experimental animals | 37]. Under these circum- 
stances sudden shifts of potassium into the cells 
are less likely to occur. 

The observation that in our patient with pri- 
mary aldosteronism paralyses did not develop 
while in other reported cases it did, may possibly 
be related to the fact that our patient was the 
only case of primary aldosteronism due _ to 
adrenal hyperplasia. Perhaps he had a more 
steady production of aldosterone. In the cases of 
Conn [33], Chalmers [39], Foye [40] and others, 
an adenoma or a carcinoma of the adrenal cortex 
was found. In analogy with the adenoma of the 
islets of Langerhans it is possible that the secre- 
tion may vary from day to day in the case of 
tumours. These variations may result in changes 
in the intracellular ionic milieu which cause 
periodic paralyses. In our patient, also, the uri- 
nary aldosterone excretion was higher than in 
the patients with adenomas. 


SUMMARY 


A patient with primary aldosteronism due to 
hyperplasia of the adrenal cortex showed the 
electrocardiographic abnormalities character- 
istic of hypopotassemia. Some days after sub- 
total adrenalectomy the serum potassium level 
became normal, but the electrocardiogram 
did not return to normal until five weeks after 
the operation. This is attributed to a delayed 
recovery of the intracellular electrolyte relation- 
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ships; this hypothesis is supported by the observa- 
tion that the acid-base balance and carbohydrate 
metabolism did not revert wholly to normal un- 
til several weeks after the operation. When 
the serum potassium level was very low, paraly- 
ses did not occur. They were observed, however, 
several days postoperatively when the serum 
potassium level had already returned to normal 
and a shift of potassium from the extracellular 
to the intracellular space might be assumed. 

Different mechanisms are responsible for the 
development of the paralyses and of the electro- 
cardiographic abnormalities ‘There is a striking 
difference between the reaction of cardiac and of 
striated muscle to potassium deficiency. 

In familial periodic paralysis, in contrast, the 
paralyses and the electrocardiographic changes 
take a parallel course. Here the paralyses are 
probably correlated with a shift of the potassium 
from the extracellular space into the striated 
muscles, which may possibly explain why potas- 
sium is withdrawn from the myocardium. 
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EUROLOGIC symptoms are observed in the 
presence of increased as well as of de- 
creased serum potassium. In both conditions 
paralysis occurs; in hyperpotassemia there are 
also paresthesias. Hypopotassemia can be caused 
by the following factors singly or in combina- 
t'on: increased loss of potassium in the urine or 
faeces, insufficient potassium intake (increase in 
the extracellular fluid volume of potassium-free 
fluids) and by increased intracellular accumula- 
tion of potassium |7}. A shift of potassium from 
the extracellular to the intracellular spaces is 
assumed to occur in familial periodic paralysis, 
a disease characterized mainly by flaccid paraly- 
sis accompanied by decreased serum potassium 
|2]. Investigation of the potassium balance in this 
disorder has shown that there is no increase in 
urinary potassium loss during the attacks and 
therefore the hypopotassemia is ascribed to 
potassium entering the cells {3-7}. 
Hyperpotassemia can occur in the presence of 
decreased excretion of potassium in the urine 
because of impaired renal or adrenocortical func- 
tion [8,9] and in widespread cellular destruction 
[7,70]. Experimental production of hyper- 
potassemia with neurologic signs in a normal 
subject requires an oral dose of 5 to 15 gm. of 
potassium (as a salt). Paresthesias are not uncom- 
mon, but even this large dose produces muscle 
weakness only in exceptional cases [77-73]. 
This paper is concerned with a review of a 
familial disease characterized mainly (like famil- 
ial periodic paralysis) by attacks of paralysis of 


the extremities and the muscles of the trunk. 
Unlike familial periodic paralysis, however, the 
serum potassium increases during the attacks, 
without administration of potassium salts and 
without any demonstrable decrease in the 
excretion of potassium in the urine. Even so 
small an oral dose as 1 to 2.5 gm. of potassium 
may cause paralysis and increase the serum 
potassium. The disease had been called ady- 
namia episodica hereditaria. (Readers interested 
in details are referred to earlier publications 
| 74-17].) 
MATERIAL 

In a Swedish-Danish investigation two families 
were found with hereditary episodic adynamia. Both 
families were traced back to the south of Sweden, from 
where one branch of one of the families had moved to 
Denmark some fifty years ago. Of this family, which 
can be dated back to the vear 1700, a total of 122 
affected members are known. The other family had 
been described in 1902 by Kulneff [78], who called the 
disease myatonia periodica. Now, after further in- 
vestigation, sixteen members of this family are known 
to have been affected. 

Of the 138 patients, ages ranging from four to 
ninety-two years, seventy-three were males and sixty- 
five females. Eighty-seven were examined personaliy 
by the authors. Data on the remainder were obtained 
from Kulneff's paper, by correspondence with the 
patients or by information from their close relatives. 
Seventeen of the patients were admitted to the Univer- 
sity Hospital, Lund, for observation (I. G.) and three 
to the Finsen Institute in Copenhagen (U. S.). 
Details of the methods of study are given else- 
where [75,79]. 


* From the Pediatric Clinic, University of Lund, Sweden; the University Institute for Human Genetics, Copen- 
hagen, Denmark; the Royal Medical Board, Stockholm, Sweden; the Finsen Institute and Radium Center, Central 


Laboratory, Copenhagen, Denmark. 


SEPTEMBER, 1957 


385 
+ 


Adynamia Episodica Hereditaria—Gamstorp et al. 


IL 69 
a 


39 


Fic. 1. Family 1. @ affected male, @ affected female, 0 


Te. 


co \ 


male, unaffected or state of health unknown, © female, un- 


affected or state of health unknown, ” proband, X examined personally. 


RESULTS 


Etiology. The disease is hereditary. The. in- 
heritance is due to a single autosomal dominant 
gene with complete or almost complete pene- 
trance. (Figs. 1 and 2.) 

Pathology. ‘The patients who have been ex- 
amined postmortem died of some intercurrent 
disease. No search had been made for changes 
referable to adynamia. 

Muscle tissue was taken from five patients 
for histologic examination.* In one patient 
(sixty years old), who had had the disease since 
the age of one, a biopsy specimen from the an- 
terior tibial muscle showed changes of the type 
seen in dystrophia myotonica [20]. This patient, 
however, differed clinically from the remainder 
in that he also had slight muscle atrophy and 
weakness of the extremities between attacks. 


*'The examinations were performed by Professor 
G. Wohlfart (Lund) and Dr. Erna Christensen 
(Copenhagen). 


Histologic examination showed no changes in 
the other four patients. 

Symptoms. The age at onset of the disease in 
108 patients was known. In forty-eight the onset 
occurred before the age of five, and in ninety- 
nine before the age of ten. The youngest age at 
onset was eight months, the oldest thirty-one 
years. 

The attacks are precipitated by rest after 
physical exertion. The more intense the exertion, 
the more severe the attack. The attacks occur 
only after the patient has rested for some minutes 
to a few hours, usually about an hour—a limb is 
never paralysed during exercise. The attacks are 
more severe and more frequent in damp cold 
weather. Hunger has a similar effect, while the 
intake of food, especially bread, has a certain 
prophylactic and therapeutic effect. 

The attack begins with a feeling of heaviness 
of the limbs accompanied by acroparesthesias. 
These symptoms are followed by muscle weak- 
ness usually beginning in the legs and sometimes 
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in the arms. The attacks vary in extent and 
severity although complete paralysis is rare. 
Usually the patient can turn on the examination 
table or bed and sit up, but he cannot stand or 
walk. Occasionally, mild respiratory trouble 
occurs. About half the patients have had facial 
paralysis and/or articulation difficulties at some 
time or other. The attacks are more common 
during the day than at night. 

The attacks occur at irregular intervals. The 
frequency may vary from several attacks a day 
to once a year. About three-fourths of the pa- 
tients had an average of one attack a week. The 
duration varied from a few minutes to a day, 
although it was usually thirty minutes to one 
hour. Gentle exercise can ward off or shorten an 
attack. 

During childhood the attacks are, as a rule, 
short and frequent. At puberty they become 
longer and more severe. After thirty years of age 
about half the patients experience improvement, 
the attacks then being less severe and less fre- 
quent. Sometimes the attacks cease after the 
age of fifty to sixty. 

As a rule, the patients feel well between at- 
tacks. About one-third, however, state that, 
especially during the cold season, the attacks are 
followed by dull pain, tenderness and stiffness, 
symptoms which may persist for days or weeks. 

Signs. During a free interval, neurologic 
examination, as a rule, reveals nothing ab- 
normal. In two patients slight weakness of 
the muscle of the limbs was noted between at- 
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tacks; one of these also had muscle atrophy, the 
only one in the entire study. During hospital 
observation clinical and laboratory studies be- 
tween attacks showed no signs of endocrine 
disorders, renal injury or abnormal levels of 
serum electrolytes (K, Na, Ca, Mg, P, Cl). The 
cerebrospinal fluid was also found to be normal 
(two patients studied). The total exchangeable 
potassium was within normal limits [79] (three 
patients studied). Ophthalmologic examination 
showed no cataract or malformation. The sensi- 
tivity of the patients to intravenous administra- 
tion of d-tubocurarine (four patients studied) 
and succinylcholine (five patients studied) also 
was within normal limits [27,22]. The patients 
were examined during a total of eighty-one 
attacks (sixty-one attacks in seventeen patients in 
Lund and twenty attacks in-three patients in 
Copenhagen). The attacks were precipitated 
either by rest after physical exertion (thirty- 
eight attacks) or by oral administration of 1 to 
7 gm. of potassium. The clinical picture did 
not vary with the method of precipitation. 
The paralysis started within ninety minutes of 
the end of physical exertion or of the administra- 
tion of potassium and culminated a few min- 
utes to one hour later. The duration of the 
attack varied from twenty minutes to more than 
one day. All degrees of severity were noted, but 
respiratory distress was never observed. 

In over half the attacks the autoreflexes were 
weakened or absent. In a somewhat smaller 
number Chvostek’s sign became positive. Pupil- 
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Fic. 3. Changes in serum potassium and electrocardiogram during a typical 
attack, precipitated by exercise, in a boy aged ten. 


lary and plantar reflexes were normal, as was 
excitability upon electric stimulation. No sensory 
disturbances other than initial paresthesias were 
noted. Ihe muscles were not tender, they 
were of normal tone, and showed no signs of 
myotonia. [here was no change in the level of 
consciousness. 

The serum potassium was determined before 
precipitation of the attack and then at intervals 
of at most half an hour until paralysis appeared 
and disappeared. In forty-five of forty-nine 
attacks studied the serum potassium increased 
to a maximum which coincided within + fif- 
teen minutes of the culmination of the attack 
(twenty-three attacks precipitated by admin- 
istration of potassium). In one case it was 
unchanged and in three it decreased. (In these 
four attacks potassium was not administered. ) 
The increase varied between 0.2 and 3.2 
mEq./L. Only in half the attacks precipitated 
by rest after exertion did the maximal serum 
potassium value exceed the upper limit of normal 
(5.5 mEq./L.) [23]. In most of the attacks pre- 
cipitated by administration of potassium salts, 
however, this limit was exceeded. 

Electrocardiographic changes, namely higher 
and sharper I’ waves, accompanied the increase 
in serum potassium; these disappeared as soon 
as the serum potassium level had again become 
normal. [The changes in serum potassium and in 
the electrocardiogram during a typical attack 
precipitated by rest after exercise are illustrated 
in Figure 3. 


The excretion of potassium in the urine was, a. 
a rule, higher during the attack than during ; 
free interval. 

In 75 per cent of the attacks the number o. 
circulating eosinophils decreased by at least 5) 
per cent of the original value. The serum phos- 
phorus decreased slightly in six of eight attacks 
The other blood components examined | hemato- 
crit, blood sugar, serum sodium, serum calcium, 
serum magnesium (two patients studied), serum 
chloride| showed no changes. The urine was o' 
normal colour and contained no hemoglobin o: 
urobilinogen. 

In two patients studied the electroencephalo- 
grams before and during attacks were of the 
same normal appearance. Six patients were 
examined electromyographically.* During at- 
tacks the innervation pattern on maximum effort 
changed, suggesting loss of active muscle fibers 
The mean duration of the action potentials 
decreased significantly in comparison with that 
noted between attacks. Furthermore, spon- 
taneous activity increased during attacks. 

The threshold of motor response to intra- 
arterially injected acethylcholine tT was low both 
during and between attacks in five patients 
studied [24]. 

As many of the patients and their relatives as 


* The examinations were carried out at the Neuro- 
physiological Institute, Copenhagen, and the curves 
were interpreted by Professor F. Buchthal. 

+ The examinations were performed by Dr. Lise 
Engbaek, Copenhagen. 
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possible were classified according to blood 
groups. Ihe distribution among the various 
groups was found to be the same for affected 
and unaffected subjects. On the other hand, a 
correlation was found between the gene for 
adynamia and the Duffy system. This connection 
might be due to genetic linkage and is the subject 
of current closer analysis. 

Diagnosis. Sometimes inquiry into the history 
is sufficient to make the diagnosis. Knowledge 
that the disease occurs nearly always in one of 
the parents of the patient and his family is useful. 
However, verification of the diagnosis requires 
cxamination during an attack. 

The attack can be precipitated by rest after 
exeruon or by oral administration of potassium 
salts. In both cases the patient should be in the 
fasting state. A dose of 4 gm. of potassium 
chloride for adults, 3 gm. for older children and 
2 gm. for young children is usually sufficient. If, 
however, this does not precipitate an attack 
the dose may be increased by 1 gm. in a subse- 
quent test. In the present investigation these 
doses were found to be sufficient and not dan- 
gerous. It should be stressed, however, that 
potassium salts should not be given to patients 
with decreased adrenocortical or renal function. 

The serum potassium should be determined 
and/or electrocardiograms taken on at least 
three occasions; before the attack, at the cul- 
mination of the attack, and after the attack. A 
transient increase in the serum potassium level 
and/or electrocardiographic changes of the type 
seen in hyperpotassemia during an attack 
establishes the diagnosis. A single examination 
might, however, give results within the normal 
variation and therefore may not be of diagnostic 
value. 

Differential Diagnosis. Adynamia_ episodica 
hereditaria has hitherto not been clearly distin- 
guished from familial periodic paralysis; some 
of the cases published under the latter diagnosis 
are probably examples of episodic adynamia 
\25-27|. Inquiry into the familial history can 
provide the key to the differential diagnosis. 
Determination of the serum potassium and 
electrocardiographic examination as well as the 
patient’s reaction to potassium decide the diag- 
nosis. In the inherited form of myoglobinuria 
'28| pain and muscle tenderness are more 
marked than the manifestations of paralysis. In 
such attacks the urine is red-and gives a positive 
benzidine reaction. In attacks of porphyria 
the paralysis is accompanied by deterioration of 
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the general condition, abdominal pain, vomiting 
and constipation. The urine gives a positive 
urobilinogen reaction. Inquiry into the history 
is sufficient to exclude confusion with other 
neuromuscular diseases. A spontaneous increase 
in the serum potassium in an individual without 
signs of adrenocortical or renal disease is specific 
of adynamia episodica hereditaria, as is the 
paralytic response of such a person to administra- 
tion of so small a dose of potassium as 1 to 
2.5 gm. 

Course and Prognosis. After thirty years of age 
the disease usually regresses. It has as yet never 
led to complete disability; neither has it ever 
been fatal. 

Therapy. ‘The patients state that gentle 
exercise or the intake of food will often shorten 
the duration of symptoms. The disease is less 
troublesome if the patients follow a regimen 
consisting of moderate physical exertion, sufh- 
cient sleep and regular meals at fairly short 
intervals. Various methods were tried to prevent 
or ward off an attack in those patients admitted 
for observation. Intravenous injection of calcium 
gluconate at the culmination of an attack cur- 
tailed the symptoms in fourteen of fifteen 
attacks. 

The administration of glucose (100 to 150 gm. 
orally) alone or together with insulin (20 [.U. 
subcutaneously) during the attack had no 
demonstrable effect. When administered about 
half an hour before an otherwise provocative 
dose of potassium the latter produced at most 
only slight symptoms. 


SUMMARY 


A disease designated adynamia _ episodica 
hereditaria is described. The disease is inherited 
as a monohybrid, autosomal dominant with 
complete or almost complete penetrance. 

The disorder usually makes its first appearance 
in childhood. It is characterized by intermittent 
attacks of paralysis with symptom-free intervals. 

During the attacks the serum potassium level 
increases, without any decrease in urinary potas- 
sium. Attacks can be provoked by oral adminis- 
tration of 1 to 2.5 gm. of potassium. Electro- 
cardiographic and electromyographic changes 
are demonstrable during attacks. The motor 
response to acetylcholine is increased during and 
between attacks. 

Premedication with glucose inhibits the pro- 
vocative effect of potassium salts. Calcium 


39° 
administered intravenously during an attack 
promptly controls the symptoms. 

Adynamia episodica hereditaria is undoubt- 
edly a clinical entity. No other disease is known 
in which the serum potassium level increases 
spontaneously without decreased excretion of 
potassium in the urine, and without signs of 
widespread cellular destruction, and in which 
oral administration of 1 to 2.5 gm. of potassium 
is sufficient to precipitate paralysis, with eleva- 
tion of the serum potassium. The spontaneous 
increase in serum potassium is probably due 
to excessive leakage of potassium from the 
cells. The beneficial effect of glucose admin- 
istered before an otherwise provocative dose of 
potassium argues in the same direction. 
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Potassium Deficiency of Renal and 
Adrenal Origin’ 


R. V. Brooks, PHD., R. R. McSwiney, m.B., F. T. G. Prunty, M.p. and F. J. Y. Woon, M.D. 
London, England 


BNORMAL urinary loss of potassium is a fea- 
A ture common to certain disorders of both 
the kidney and the adrenal cortex. That potas- 
sium metabolism is under the control of the 
adrenal cortex has been known since the dis- 
covery of a rise in the plasma potassium of 
adrenalectomised rats {7} and of patients with 
Addison’s disease [2]. Conversely, a fall in 
plasma potassium, associated with a systemic 
alkalosis, may be found in Cushing’s syndrome 
'3} and after administration of ACTH, adrenal 
cortical extracts, desoxycorticosterone and corti- 
sone. Recently potassium deficiency, together 
with hypertension and alkalosis but without 
other features of Cushing’s syndrome, has been 
shown to be caused by certain adrenal cortical 
tumours which produce excessive amounts of 
aldosterone [4,5]. 

Loss of potassium may also be due to intrinsic 
disorders of the kidney. Such disorders have not 
often been described. In the condition known as 
renal tubular acidosis, which at least in older 
children and adults is rare, potassium deficiency 
is often present. It is probably produced by a 
congenital defect in tubular function and is 
sometimes familial, the essential disability 
appearing to be an inability to produce an acid 
urine. In consequence acid radicles are excreted 
in combination with basic ions including potas- 
sium. In contrast to the alkalosis and potassium 
deficiency resulting from over-activity of elec- 
trolyte-controlling adrenal cortical hormones, in 
renal tubular acidosis there is a systemic hyper- 
chloraemic acidosis and the urine is alkaline or 
only faintly acid. 

From time to time cases of potassium de- 
ficiency have been reported to result from ac- 
quired renal disease—pyelonephritis, chronic 
nephritis or malignant hypertension. 

In this paper the clinical and biochemical 
features of three patients are described; the 


first patient suffered from an adrenal cortical 
tumour with excessive production of aldosterone; 
the second from renal tubular acidosis; the third, 
who clinically and in many biochemical aspects 
closely resembled the first patient, could not be 
proved to have the same disorder, and the difh- 
culties of diagnosis are discussed. 


METHODS 


Chemical analysis and collection of metabolic 
data were as previously reported [6] with the 
following exceptions and additions. Renal clear- 
ances were conducted as described by Goldring 
and Chasis [7] and the chemical methods for 
mannitol and PAH also came from this source. 
Inulin was determined by the Selivanoff reac- 
tion [8]: chloride by the iodometric method of 
van Slyke and Hiller [9]. 17-keto- and 17-keto- 
genic steroids were determined by Gibson and 
Norymberski’s method [70]; aldosterone by 
paper chromatography according to Neher and 
Wettstein [77] and plasma hydrocortisone by the 
Bush system [72]. 


CASE REPORTS 


Case 1. Adrenal cortical tumour with excessive produc- 
tion of aldosterone: This man, a police officer, was first 
seen at the Royal South Hants Hospital in December, 
1950, at the age of thirty-five. He had had scarlet fever 
as a child, and an appendicectomy at age thirty-one. 
He complained of exertional dyspnoea of eighteen 
months duration and of periodic headaches for two 
years. His blood pressure was 205/120 mm. Hg and 
early hypertensive retinal changes were present. The 
patient failed to attend the hospital again until March, 
1952, when he complained of some visual disturbance 
and of dyspnoea on exertion. The blood pressure 
was again 205/120 mm. Hg and there was an area of 
oedema at the right macula, considered to be due to 
vascular occlusion or old haemorrhage. He was 
treated with hexamethonium bromide for approxi- 
mately three months but it had no effect on the hyper- 


* From the Department of Metabolic Diseases, St. Thomas’s Hospital and the Department of Chemical Pathology, 
St. Thomas’s Hospital Medical School, London, S.E.1, England. 
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Fic. 1. Case 1. Adrenal cortical tumour, without bodily 
appearance of Cushing’s syndrome. 


tension. He was not seen again until January, 1955, 
when he was admitted to the Royal South Hants 
Hospital. Now aged forty, the patient complained of 
more severe dyspnoea on exertion, his exercise toler- 
ance being limited to thirteen stairs taken slowly. ‘Iwo 
months previously he had had one severe attack of 
dyspnoea while sitting in a chair, and thereafter had 
found it more comfortable to sleep in a propped-up 
position. His most striking symptom was nocturnal 
polyuria, which drew our attention to the electrolyte 
balance and led to the correct diagnosis. For some 
months he had passed 4 to 6 pints of urine by night 
and normal quantities by day. There was serious 
interference with his sleep. For a year he had noticed 
decreasing libido and some loss of potency; for six 
months he had noticed some oedema of the ankles. 
He had lost no weight. 

On examination, the patient was a heavily built, 
heavily featured man (Fig. 1), but he was neither 


obese nor plethoric. There were no striae. Both ankles | 


were oedematous. The blood pressure was 230/120 
mm. Hg. The pulse rate was 72 per minute and occa- 
sional extrasystoles were present. The aortic second 
sound was accentuated and there were no murmurs. 


The cardiac impulse was not palpable but radiologic 
examination showed the left ventricle to be enlarged. 
The jugular venous pressure was normal. The nervous 
system, chest and abdomen were normal. The fundi 
appeared normal on ophthalmoscopic examination 
but small scotomas were demonstrated in both macu- 
lar areas. 

The following investigations suggested that the 
patient was suffering from overactivity of the adrenal 
cortex. The urinary output of 1/7-ketosteroids was 29, 
25 and 53 mg. (normal 5 to 21 mg.) and of 17- 
ketogenic steroids 46, 55 and 86 mg. (normal 5 to 
18 mg.) on three successive days. The plasma 
electrolytes (in mEq./L.) were: sodium, 138; potas- 
sium, 2.5; chloride, 98; and bicarbonate, 40. The 
nocturnal polyuria was confirmed, the patient 
passing an average volume of 1,260 ml. during the day 
and 2,240 ml. during the night. The Kepler test gave 
the following values: the night urine was 1,670 ml. 
and hourly volumes thereafter during the morning 
were 110, 242, 210, 98 and 128 ml. The night urinary 
chloride concentration was 75 mEq./L. and the urea 
910 mg. per cent; the serum chloride was 96 mEq./L., 
and the serum urea 41 mg. per cent. Kepler’s factor A 
was 4.1. 

Estimation of renal function showed the urea clear- 
ance to be 87 per cent of average normal with a 
blood urea of 38 mg. per cent. The urine contained a 
trace of protein. Radiologically the skull, spine. and 
lungs were normal. 

In February, 1955, the patient was transferred to 
St. Thomas’s Hospital where the history and physical 
findings were confirmed. The patient’s temperature 
was 99°r. in the evenings and continued to be so 
regularly. In addition a mass was palpated in the left 
hypochondrium which moved on respiration and felt 
like the tip of the spleen. The patient’s height was 
5 feet, 10 inches (178 cm.) and his weight was 179 
pounds (81 kg). 

Metabolic studies and clinical investigations were 
carried out for a period of forty-seven days (davs 0 to 
46) with the following results: 

On days 1 and 7 the plasma electrolytes in mEq./L. 
were: sodium, 142, 142; potassium, 2.7, 2.5; chloride, 
98, 92; and bicarbonate, 44 and 42, respectively. 

The electroencephalogram (day 1) was dominated 
by an 8 cycles/second alpha rhythm. Generalised, low 
voltage 20 cycles/second fast activity was present, and 
also 3 and 5 cycles/second low voltage slow activity, 
the latter being evident on hyperventilation. The 
record was considered to be mildly abnormal 
without diagnostic features and without focal activity. 

The urine had a specific gravity of 1.008 and con- 
tained a small amount of protein, but no reducing 
substances or ketone bodies. The blood urea was 
38 mg. per cent, the plasma creatinine, 1.6 mg. per 
cent. On day 1 the creatinine clearance, estimated on 
a twenty-four-hour specimen of urine, was 78 ml. per 
minute. On day 3, after deprivation of fluid for twenty- 
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Fic. 2. Case 1. Urinary steroid excretion during the administration of ACTH and 


cortisone; and plasma hydrocortisone concentration. ‘The white portion of each 
block represents the output of 17-ketosteroids; the total height to the top of the 
black portion, the output of 17-ketogenic steroids. Plasma hydrocortisone 


concentration is shown by the solid black dots. 


eight hours, during which 2,670 ml. of urine were 
passed, the urinary specific gravity was 1.012. The 
patient then drank 1,200 ml. of water, and passed 
50, 45, 35 and 45 ml. of urine within the next four 
hours, with no change in specific gravity. With a 
pitressin® infusion of 3 milliunits per minute the 
urinary osmolarity was 540 mOsm./L., corresponding 
to a specific gravity of approximately 1.017. 

An intravenous pyelogram showed normal excre- 
tion of dye, but the left kidney was low in position. 

The urinary output of 17-ketosteroid was 29, 31 
and 33 mg. and of 17-ketogenic steroids 46, 46 and 49 
mg. on days 0, 1 and 6. The plasma hydrocortisone 
was 8.3 and 10 wg. per 100 ml. on days 0 and 8 (nor- 
mal 2 to 8 wg. per 100 ml.). The response to ACTH is 
shown in Figure 2. ACTH gel (Armour N 31605) in a 
dose of 20 units was injected intramuscularly twice 
daily for four days (days 8 to 11). On these days the 
urinary output of 17-ketosteroids was 37, 37, 38 and 
41 mg., and of 17-ketogenic steroids, 47, 73, 56 and 
74 mg. Eosinophil counts were 38, 9, 0 and 19 cells 
per cu. mm. The urinary sodium (on an uncontrolled 
intake) was 53, 122, 109 and 117 mEq./day, com- 
pared with previous values of 151, 160 and 87 mEq./ 
day. The plasma hydrocortisone rose to 23 wg. at the 
end of the fourth day of ACTH administration. 

On three days the urinary aldosterone was 20, 20 
and 30 wg. per day (normal for the method used, up to 
2 ug. per day). Sodium and potassium intake were 
normal on these days. 

The total plasma proteins on day 7 were 7.3 gm. per 
cent with a normal electrophoretic pattern on filter 


paper. 
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The haemoglobin on day 0 was 100 per cent (Hal- 
dane). White blood cells numbered 7,400 per cu. mm., 
of which 82 per cent were polymorphonuclears, 15 per 
cent leukocytes and 3 per cent monocytes. The eryth- 
rocyte sedimentation rate was 11 mm. in one hour 
(Westergren). 

The fasting blood sugar on day 6 was 110 mg. per 
cent. After 50 gm. of glucose had been administered 
orally, the blood sugar at half-hourly intervals was 
133, 204, 221, 192, 149 and 112 mg. per cent. The 
urine contained no reducing substances at one hour 
and a trace at two hours. 

The fasting blood sugar on day 7 was 104 mg. per 
cent. At twenty, thirty, forty-five, sixty and ninety 
minutes after intravenous injection of 0.1 unit per 
kg. of body weight of soluble insulin the blood sugar 
was 71, 62, 71, 87 and 103 mg. per cent respectively. 

Presacral air insufflation (day 15) showed a mass 
approximately 3 inches in diameter above the left 
kidney. Following this procedure the patient had sur- 
gical emphysema of the neck for three days. 

A study was made of the effect of changing intake 
on the sodium and potassium balances; the results are 
shown in Figure 3. 

First period (days 13 to 26): A diet containing 
28 mEq. per day of sodium and 159 mEq. per day of 
potassium was given from day 13 to day 26. From 
days 19 to 25 faecal sodium was 2 mEq. per day 
(normal 0.5 to 3 mEq. per day) and faecal potassium 
47 mEq. per day (normal 10 to 18 mEq. per day). 
They were not estimated for days 15 to 18. 

On the first two days of this diet (days 13 to 14) 
there was a small negative balance of sodium, fol- 
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Fic. 3. Metabolic studies in Case 1. Balances of sodium and potassium. Plasma 
concentrations of sodium, potassium, bicarbonate and chloride are shown. 


lowed by a normal balance for three days (days 15, 16, 
17). During the next nine days (days 18 to 26) the 
sodium balance became spontaneously and markedly 
negative, the total deficit being 352 mEq. The urinary 
volume increased and the fluid balance was negative 
on four of these days (days 20, 21, 22 and 24). There 
was no overt change in the patient at this time, and his 
temperature and pulse were unaltered. 

Potassium balance was positive throughout this 
phase (days 13 to 26). If the faecal output is assumed 
to be constant, the total gain was 762 mEq. 

Plasma electrolyte concentrations in mEg./L. were 
on day 19, sodium, 142; potassium, 2.1; chloride, 89 
and bicarbonate, 41. A striking brief return to normal 
values took place on day 21 when the sodium was 140; 
potassium, 3.9; chloride, 104 and bicarbonate, 32 
mEq./L. On the previous day (day 20) the sodium 
balance had been —129 mEq. and the fluid balance 
— 17/20 ml. without any obvious change in the patient 


or in his environment. A day later (day 22) the plasma 
electrolytes returned to their usual abnormal levels. 

Second period (days 27, 28, 29): A high potassium 
diet of 270 mEq. per day was given by adding potas- 
sium chloride to the diet. The sodium intake remained 
low at 25 mEq. per day. The faecal sodium was 2 mEq. 
per day and the faecal potassium 41 mEq. per day. 
The sodium balance continued to be slightly negative, 
the total deficit for the three days being 32 mEq. 
The potassium balance became strikingly positive, 
a total of 307 mEq. being retained. ‘The urinary potas- 
sium rose from 95 to 138 mEq. per day. The plasma 
sodium changed little. ‘The plasma potassium rose 
sharply to reach 5.2 mEq./L. on the third day (day 
29). This abrupt increase made it desirable to revert 
to the previous lower intake. On the third day the 
plasma chloride reached 105 mEq./L. and the bi- 
carbonate fell to 33 mEq./L. 

Third period (days 30 and 31): The diet was the 
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Fic. 4. Case 1. Line diagram of sodium and potassium balances, and of urinary 


output of 17 ketogenic steroids. 


same as in the first period (sodium 25, potassium 141 
mEq. per day). The sodium balance continued slightly 
negative, the total loss being 47 mEq. The potassium 
balance was negative, the total deficit being 151 mEq. 
The urinary potassium continued to increase to 193 
mEq. per day. The plasma potassium was 5.4 mEq./L. 
on the second day. 

Fourth period (days 32 to 36): A diet low in both 
sodium (25 mEq. per day) and potassium (80 mEq. 
per day) was now given. The faecal sodium was 4 and 
the faecal potassium 35 mEq. per day. The sodium 
balance was negative throughout, the daily urinary 
sodium showing a stepwise decrease from 82 to 30 
mEq. The potassium balance also remained negative 
throughout, with a parallel stepwise decrease in the 
daily urinary potassium from 179 to 73 mEq. The 
total deficit was 350 mEq. The plasma potassium fell 
from 5.4 to 3.8 mEq./L. The other electrolytes showed 
small changes only. 

Fifth period (days 37 to 40): The diet was high in 
sodium (184 mEq. per day) and low in potassium 
(78 mEq. per day). The faecal sodium was 6 mEq. per 
day, the faecal potassium 61 mEq. per day. The 
sodium balance became strongly positive, and there 
was a stepwise rise in urinary sodium from 30 to 144 
mEq. per day. The potassium balance became in- 
creasingly negative, with a total deficit of 269 mEq. 
The plasma potassium fell further to 2.8 mEq./L. The 
other electrolytes remained virtually unchanged. 

Sixth period (days 41 to 46): A diet containing 
172 mEq. of sodium and 80 mEq. of potassium per 
day was given together with 50 mg. of cortisone twice 
daily orally. The faecal sodium was 3 mEq. per day 
and the potassium 16 mEq. per day. The sodium 
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balance remained positive with apparent gains 
(average 30 mEq. per day) greater than those usually 
due to insensible loss (10 to 15 mEq. per day) in this 
air-conditioned ward. The potassium balance was 
negative, the total deficit being 109 mEq. The plasma 
sodium rose to 150 and then fell to 145 mEq./L. The 
other electrolytes were unchanged. 


TABLE 
EFFECT OF VARYING INTAKE ON SALIVARY SODIUM AND 
POTASSIUM 
Intake Saliva (Means = S.E.* 
| 
Na K fe 
> Na K Na’ 
(mEq. (mEq. 
dew day) | (mEqg./L.) | (mEgq./L.);  (mEgq./L.) 
19-26; 28 159 7341.1 | 39+1.3 | 0.19 + 0.025 
27-29; 25 270 6.8+1.6 | 43+3.0 |} 0.16 + 0.029 
32-36; 25 | 80 6.9+1.6| 38+2.6 0.18 + 0.042 
37-40 | 184 | 78 7.5+2.2 | 34+2.2 0.22 + 0.059 
41-46| 172 | 8Of | 5.741.3 | 39+1.1 | 0.15 + 0.054 


* Standard error. 
t Plus cortisone 50 mg. twice a dav. 


Salivary electrolytes were determined at 10 A.M. on 
many days. On all occasions the saliva was viscid and 
was produced with difficulty. Its rate of flow was 
approximately 0.3 ml. per minute. The concentra- 
tions of sodium and potassium, the sodium/potassium 
ratio and the dietary intake of these ions are given in 
Table 1. 

The data depicted in Figure 4 appear to show a 
close relationship between potassium balance and the 


\ 
\ 
‘ x 
| 
\ | 
| 
V 
a 
\ 
9 } 
/* \ /% 
\6 \ © 
° \ 
oN 
6 
j 
j 
) 


390 
urinary output of 17-ketogenic steroids. When this 
balance was positive, the output of steroids was greater 
than the base-line values (days 15 to 26). A further rise 
in steroid output followed the increased positive 
balance produced by administration of extra potas- 
sium (days 27, 28, 29). From day 30 onwards, the 
potassium balance was negative, and the urinary ster- 
oids fell to baseline levels, with the exception of a 
single rise on day 33. 

It is notable that variations in sodium balance ran 
parallel with those in potassium balance, except when 
sudden changes occurred with supplementary potas- 
sium on day 26 and with sodium on day 36. These 
features are considered in the discussion. 

Oral administration of cortisone in a dose of 50 mg. 
twice a day (days 41 to 46, Fig. 2) did not produce 
any reduction in urinary 1/7-ketosteroids, but there 
was the expected increase in 1/-ketogenic steroids. 

On April 13, 1955, operation was performed by 
Mr. R. W. Nevin, through a left loin incision with 
removal of the 12th rib. A very large tumour was 
found above the left kidney. The tumour extended 
towards the midline and surrounded the great vessels. 
A large part of it was removed and the left kidney had 
to be sacrificed. ‘Twenty-nine days after operation 
the urinary output of 17-ketosteroids was 31.9 mg., of 
17-ketogenic steroids, 57 mg.; and of aldosterone, 
6 wg. per day. Following operation uraemia and left 
ventricular failure developed and the patient died 
five weeks later. Permission for a postmortem ex- 
amination could not be obtained. 

Pathologic report: The part of the tumour removed 
at operation and the left kidney were examined by 
Dr. J. L. Pinniger who reported a tumour of the 
adrenal gland which weighed 1,400 gm. with dimen- 
sions of 21 by 11 by 6 cm. The tissue had one uncut 
surface which showed a nodular appearance, the 
nodules being composed of soft yellowish tissues with 
small dark brown flecks in it. They were separated 
by strands of slightly darker brownish yellow tissue. 
The cut surface was extremely irregular but again 
was nodular, and was made up of yellow tissue with 
darker brown areas. On histologic examination the 
tumour was seen to be a well differentiated carcinoma 
of the adrenal cortex. The tumour was necrotic in 
places, and thrombi were present in the stromal blood 
vessels. The tumour cells on the whole were of regular 
size, but here and there giant forms appeared. 

The left kidney weighed 200 gm. The outer surface 
was for the most part smooth. The capsule was fairly 
firmly adherent and the subscapular surface of the 
kidney was fairly granular. On histologic examination 
the kidney showed preservation of its normal archi- 
tecture. Apart from focal ischaemic changes due to 
arteriosclerosis, no glomerular lesions were present. 
There was a patchy deposition of calcium salts, princi- 
pally present in the medulla, involving the wall of the 
collecting tubules. In some areas these led to destruc- 
tion of the wall, and the presence of calcium salts 


Potassium Deficiency—Brooks et al. 


lying in the lumen and extending into the interstitial 
tissue. There was no specific abnormality of the proxi- 
mal or distal tubules, apart from those due to ischaemic 
change. 

A portion of the adrenal tumour weighing 742 gm. 
contained 10 ug. of aldosterone. 250 ug. of hydro- 
cortisone and 10 ug. of cortisone. 


Case 1. Renal tubular acidosis: In January 1949. 
a man aged 29, an asphalter, had a severe aching pain 
in the right loin which lasted for a week. He had pre- 
viously been healthy. ‘Three weeks after this episode 
polyuria and extreme thirst developed, and he drank 
10 pints of water during the day and 6 pints during 
the night. He complained of a salty, metallic taste in 
his mouth and felt very weak. He became impotent. 
As an outpatient his urine was found to contain a 
small amount of protein, and a trace of reducing 
substances at a time when the blood sugar was 109 
mg. per cent. 

In April 1949 he was admitted to St. ‘Thomas's 
Hospital. His thirst was then less intense, although he 
was still drinking 6 pints of water during the day and 
3 pints during the night. He had been constipated 
for ten days. In the past year he had lost 12 pounds in 
weight. On examination he did not look ill. ‘The heart. 
lungs and nervous system were normal; so was the 
abdomen except for a palpable descending colon. ‘The 
blood pressure was 105/60 mm. Hg. His weight was 
145 pounds (66 kg.). The urine had a specific gravity 
of 1.003 and contained a small amount of protein but 
no reducing substances. Radiologically, the chest, 
abdomen and skull were normal. The Wassermann 
reaction was negative. The haemoglobin was 100 per 
cent (Haldane) (14.8 gm. per 100 ml.). 

During thirty-six hours without fluid the patient 
passed 1,800 ml. of urine, the highest specific gravity 
of which was 1.011. The blood urea was 90 mg. per 
cent, and the urea clearance was 25 per cent of aver- 
age normal. Two intravenous pyelograms showed “‘no 
excretion of dye.”’ A midstream specimen of urine re- 
vealed a trace of protein and numerous leukocytes, 
but it was sterile on culture. A twenty-four-hour speci- 
men yielded no tubercle bacilli. 

An intramuscular injection of 10 units of pitressin 
produced no change in the rate of urine flow or in the 
specific gravity (which was 1.008 before and after the 
injection). 

Cystoscopy disclosed a normal bladder. Ureteric 
catheters were passed full distance without difficulty. 
Urine from these catheters contained: protein ++. 
pus cells ++, and epithelial cells; one granular 
cast was seen in the urine from the right kidney. On 
culture no ordinary pathogens or Myco. tuberculosis 
were grown. When retrograde pyelography was 
attempted, the right kidney was normal; the left 
catheter had slipped out of position. 

The mannitol clearance was 26 ml. per minute and 
PAH clearance 28 ml. per minute. At this time the 
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Fic. 5. Case 1. The effect of sodium citrate on plasma potassium and bicarbonate; 
on the urine pH, ammonia, titratable acid, titratable acid minus bicarbonate, 
potassium and calcium output; and on the ratio of the renal clearances of po- 


tassium and creatinine. 


blood urea was 72 and 83 mg. per cent on two sepa- 
rate days. 

The patient was discharged from the hospital in 
May, 1949, and five days later was readmitted after a 
sudden attack of weakness of the legs and arms. For 
two days he had been vomiting and was again consti- 
pated. He was apathetic and dull, and unable to move 
either of his legs or his left arm. The limbs were 
flaccid, the plantar responses flexor. The tendon 
reflexes and sensation were normal. The blood pres- 
sure was 100/60 mm. Hg. The urine contained a 
small amount of protein and no reducing substances. 
The plasma bicarbonate was 10.2 mEq./L., the 
plasma chloride was 120 mEq./L. and the serum 
potassium, 1.3 mEq./L. The blood urea was 106 mg. 
per cent. The electrocardiogram showed flat T waves 
and prominent U waves. The patient was given 1.3 
gm. (12 mEq.) of oral potassium citrate hourly for 
10 doses. The following morning he was more alert 
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and able to move his limbs normally. Muscle potas- 
sium was 30 mEq. per 100 gm. of dry, fat-free muscle 
(normal 36 to 49 mEq.). He continued to take potas- 
sium citrate in doses of 2.6 gm. (24 mEq.) three times 
a day. On June 17 the plasma bicarbonate was 19.4 
mEq./L.; the plasma chloride, 111 mEq./L.; and the 
serum potassium, 3.3 mEq./L. The blood urea was 
now 56 mg. per cent. The urinary volume was ap- 
proximately 4 L. a day. The plasma calcium was 
9.2 mg. and the phosphorus 3.4 mg. per cent. The pa- 
tient was discharged from the hospital taking 2.6 gm. 
of potassium citrate daily. 

During the next six months the patient was able to 
work although he complained of fatigue, backache, 
polyuria and thirst. The plasma potassium varied 
between 2.7 and 4.3 mEq./L., the dose of potassium 
citrate being varied as necessary. He was again ad- 
mitted in January, 1950, after an attack of vomiting. 
The blood pressure was between 100/65 and 90/55 
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TABLE II 
CASE Il: URINARY OUTPUT OF AMMONIA, TITRATABLE ACID, TITRATABLE ACID MINUS COs:; 


EFFECT OF SODIUM CITRATE ON URINARY 


OUTPUT OF POTASSIUM AND CALCIUM 


| | Plasma Concentrations | Urine 
Sodium | | | 
Yay | | 
Day | Citrate | | Am- | fi tratable | Potas- Cal- 
| (mEq.) | | Chloride | Potassium | Vol. | |tratable| Acid {| 
| | bonate | (mEq. /L.) | (mEq./L.)| (L.) pH | monia | sium cium 
(mEq., | | _(mEq.) | 1 (mEq.) | (mEq.) 
| | | (mEq.) 
4 0 15 105 2.4 4.20 , 6.07 5 54 41 49 16 
8 | 90 19 
10 120 20 10 
11 120 | 3.78 | 6.89 | 3 36 4 
12 120 21 110 2.8 | 4.15 | 6.89 | 3 32 3 39 16 
15 0 19 
18 O 16 110 2.6 5.56 6.30 15 5/7 50 45 25 


mm. Hg. The plasma bicarbonate was 13 mEq./L.; 
the chloride, 110 mEq./L.; and the serum potassium, 
3.4 mEq./L. Vomiting ceased spontaneously, and it 
was decided to reassess the patient’s condition. As 
before he had the symptoms of weakness, thirst, 


TABLE III 
CASE II! RENAL CLEARANCES AND MAXIMAL TUBULAR 
EXCRETORY CAPACITY (PAH) 
SODIUM CITRATE (56 MEQ.) AND POTASSIUM CITRATE 
(31 MEQ.) HAD BEEN GIVEN DAILY FOR SIX DAYS 


Renal Clearance 
(ml./min./1.73 sq. 


~ 


Periods 
(of ap- | Clearance 
proxi- | | |Tmpadu | Ratio 
mately | | | Cre. Po. | _ Potassium 
20 min.) Inulin | Urea | ati- | tas- | PAH Jnulin 
| | nine | sium | | 
| 

2 20.4 4 15.3 0.66 

3 19.7 25.9 

4 20.2 | 28.4 

5 21.8 25.2 2.5 

6 18.8 21.5 0.7 


polydipsia, polyuria, and the unpleasant metallic 
taste in the mouth. His weight was 128 pounds 
(58.2 kg.). The temperature and pulse rate were nor- 
mal. ‘There were no abnormal physical signs in the 
cardiovascular, respiratory, gastrointestinal or central 
nervous systems. ‘The blood pressure was 100/65 mm. 
Hg. The haemoglobin was 64 per cent (Haldane). 
The red blood cells were 3.3 million per cu. mm.; 
the leukocytes were 11,000 per cu. mm. with a normal 
differential count. The urine contained protein ++, 
no reducing substances and no abnormal deposit. 
The daily volume of urine was nearly 4 L. The blood 


urea was 85 mg. per cent. While the patient was 
taking 1.3 gm. (12 mEq.) of potassium citrate three 
times a day, the plasma electrolytes were, in mEq./ L.; 
potassium, 3.4; bicarbonate, 13; and chloride, 110. 
The plasma calcium was 9.0 mg. per cent; the phos- 
phorus, 3.5 mg. per cent; and the alkaline phosphatase, 
3.3 Shinowara units. Radiologically the skeleton was 
normal. 

An attempt was next made to determine whether 
or not the kidneys were intrinsically responsible for the 
loss of potassium and for the acidosis, and whether or 
not potassium was being excreted specifically or 
merely as a base. The investigation was planned in 
three phases (Fig. 5 and Table m): during the first 
phase (days 1 to 4) all medicines including potassium 
citrate were withdrawn; during the second phase 
(days 5 to 12) sodium citrate was given orally in doses 
of 90 mEq. per day for the first three days, and then 
120 mEg. daily for the next five days; during the 
third phase all medicines were withdrawn again 
for six days. At the end of each phase the concentra- 
tions of potassium and bicarbonate in the plasma 
were measured. The pH, ammonia, titratable acid, 
titratable acid minus carbon dioxide, and potassium 
and calcium were determined in twenty-four-hour 
specimens of urine collected and kept on ice and under 
a thick layer of toluene (Table 11). The creatinine 
clearances were also calculated. 

Figure 5 shows that the plasma potassium was 
virtually unchanged throughout the investigation. 
When sodium citrate was given, the plasma bicar- 
bonate rose from 15 to 21 mEq./L., and the pH of 
the urine increased from 6.07 to a maximum of 6.89. 
Both the plasma bicarbohate and pH levels had re- 
turned to their previous levels by the end of the 


investigation. 
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Renal production of ammonia and of titratable 
acid, and the value for titratable acid minus bicar- 
bonate were greatest on day 18, being 15, 57 and 
50 mEq. per day, respectively. At the end of phase 2, 
during which sodium citrate was given, the value for 
titratable acid minus bicarbonate was only 4 and 
3 mEq. per day (days 11, 12). 

The urinary potassium and calcium were also at 
their lowest at the end of phase 2, but it is notable 
that calcium excretion was also low at the end of phase 
1 (day 4). The clearances of creatinine showed little 
change during the investigation, being 16.1, 17.9 and 
16.7 at the end of each phase, respectively. The 
ratio of the clearances of potassium and creatinine 
were highest when the patient was most acidotic. 

Other renal function tests were repeated and ex- 
tended. Following the previous investigations the 
patient was given 6 gin. (56 mEq.) of potassium citrate 
and 3 gm. (31 mEq.) of sodium citrate daily for six 
days. The renal clearances of inulin, urea, creatinine, 
potassium and PAH were measured over periods of 
approximately twenty minutes in duration. The 
‘Tmpan was also determined. The results are shown in 
Table mr. The plasma potassium was 2.6, bicarbonate 
18 mEq./L. Cutler’s test for renal conservation of 
chloride was then performed; on the third day urinary 
chloride concentration was 20 mEq. L. which is 
well within normal limits. 

The patient was now feeling relatively well; his 
blood urea was 71 and 92 mg. per cent; he was dis- 
charged from the hospital taking a rnixture of sodium 
(31 mEq., day) and potassium (56 mEq. day) citrates. 
As an outpatient, he continued to have polyuria, 
polydipsia and weakness. In December 1950 he was 
readmitted after two days of severe diarrhoea of 
abrupt onset; he was weak and severely dehydrated. 
Temperature was 99°r., blood pressure 95,60 mm. 
Hg. Haemoglobin 60 per cent (Haldane) with a 
mean corpuscular haemoglobin concentration of 27 
per cent. The abdomen was distended and there was 
mild generalized tenderness. ‘There were no abnormal 
physical signs. Plasma electrolytes (mEq./L.) were: 
sodium, 141; potassium, 2.5; chloride, 124; bicar- 
bonate, 9; and blood urea 81 mg. per cent. The 
dehydration responded slowly to intravenous and 
intragastric infusions. 

Meanwhile culture of the faeces showed no patho- 
gens, but one to three stools were passed daily; the 
abdomen persistently distended and felt doughy. 
There was pyrexia of 100 to 101°r. each evening. No 
abnormal physical signs were present elsewhere, 
urine culture was sterile, and the possibility of tuber- 
culous enteritis or peritonitis was considered. Exami- 
nation of faeces for Myco. tuberculosis was negative; 
culture again showed no pathogens. ‘The fat content of 
dried faeces was 40 per cent. X-ray of the chest showed 
no abnormality, while x-ray of the abdomen revealed 
coarse speckling of the renal areas consistent with 
nephrocalcinosis. Anaemia persisted in spite of oral 
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and intravenous iron therapy but there was sympto- 
matic improvement sufficient to allow the patient to 
return home. 

In the next four months he took up to 16 gm. of 
potassium citrate daily, plasma potassium varying 
from 3.0 to 3.7 mEq./L. 

In May 1951 the patient was admitted for the last 
time complaining of diarrhoea and vomiting. He was 
cachectic and anaemic. He had an eroding gingivitis 
and a marked foetor. The blood pressure was 95/65 
mm. Hg. The blood urea was 85 mg. per cent., the 
plasma bicarbonate, 12 mEq./L.; the chloride, 118: 
the potassium, 2.4; and the sodium, 124 mEqgq./L. 
The urinary output fell and the patient slipped into 
coma, dying two and a half years after the onset of his 
symptoms. 

Postmortem examination revealed the kidneys to be 
both much reduced in size and very pale; the capsules 
stripped with great difficulty; the cortex was a mere 
rind. There was nephrocalcinosis in the medullae of 
both kidneys; small renal calculi were present in the 
calyces; projecting from almost all the renal papillae 
were deposits of calcified material. The pleural 
cavities contained 1 !4 pints of blood-stained fluid. The 
peritoneal surface of the small intestine was dis- 
coloured and gray; no gross haemorrhages of ulcers 
were noted. The mesentery was oedematous; en- 
larged glands were observed with pin-point dots on 
the cut surface. 

Sections of kidney showed destruction of normal 
architecture with crowding of the glomeruli and a 
marked increase of interstitial tissue. The principal 
glomerular abnormality was concentric fibrosis 
around Bowman’s capsule. The majority of glomeruli 
showed this change, and many had progressed to 
fibrotic replacement of the glomerular tuft. The 
tubules showed varying degrees of degeneration. The 
distal tubules appeared to be more severely affected, 
and were often difficult to identify in the interstitial 
tissue, which was heavily infiltrated by many in- 
flammatory cells. There was a patchy deposition of 
calcium salts in the cortex and medulla. These de- 
posits were mainly in the interstitial tissue, although 
they often involved the wall of the tubules, and in 
some areas disrupted the tubules and lay in the lumen. 
In the medulla the deposits sometimes attained large 
size and had the appearance of small calculi. There 
was considerable fibrosis and chronic inflammatory 
cell infiltration in these areas. 

Numerous healed granulomata were found in 
chronically inflamed and very damaged and fibrosed 
mesenteric lymph glands. The liver and spleen con- 
tained numerous, mainly periportal, miliary granulo- 
mata. ‘The lungs showed confluent bronchopneumonia 
and a few granulomas scattered throughout the lungs. 

Diagnosis: Generalised miliary granulomatosis 
(Boeck’s sarcoidosis). 


Case m1. This man aged fifty-two, a solicitor, was 
admitted to the Royal South Hants Hospital in 
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February, 1955, complaining of periodic attacks of 
bronchial asthma since 1942, of nocturnal polyuria for 
thirteen years, and of high blood pressure for ten years. 
In 1940 he joined the Army and was considered medi- 
cally fit. In mid-1942 he noticed that he had to pass 
urine frequently during the night. ‘This symptom grew 
in severity, and in the two years prior to his admission 
he found that he lost 5 pounds in weight between 
eoing to bed and getting up, urine being passed four or 
five times each night. No polyuria occurred by day, 
and he noticed that if he drank 2 pints of beer at 
midday there was a three hours’ delay before the onset 
of diuresis. In September 1942, the patient had his 
irst attack of bronchial asthma which lasted for about 
a week. Several attacks followed during the next two 
vears. In September 1944 the patient appeared be- 
fore a medical board, was found to have hypertension, 
and was boarded out of the Army. The hypertension 
worried him very little. He had occasional headaches, 
but before the war suffered from migraine. Since 1943 
the patient had noticed waning potency, which was 
progressive. In May 1945 a left facial palsy developed 
from which he recovered in three days. It is not certain 
whether this was due to an upper or lower motor neu- 
rone lesion. In 1947 the patient suffered from a 
severe attack of pain in the left loin, and in 1949 had 
infective hepatitis. 

On examination, the patient was seen to be heavily 
built and rather obese. There were no striae. The 
blood pressure was 240/170 mm. Hg. The aortic 
second sound was accentuated but the heart was not 
obviously enlarged. The jugular venous pressure was 
norma!. On examination of the chest there was a little 
diminution in the breath sounds at the left base, and 
on radiologic examination a small pleural effusion was 
present. The abdomen and nervous system were 
normal. Only early hypertensive changes were present 
in the retinae. 

The patient was transferred to St. Thomas’s Hos- 
»ital where the following investigations and biochemi- 
cal studies were undertaken. 

The plasma sodium was 140, the potassium, 2.7; 
the chloride, 98; and the bicarbonate, 41 mEq./L. 
The pH of the blood was 7.35. 

The blood urea was 60 mg. per cent. The urine 
contained a small amount of protein. On microscopy 
occasional leukocytes were seen, and on culture there 
was a poor growth of enterococci. These findings were 
confirmed on subsequent occasions. 

After thirty-six hours without fluid, the urinary 
specific gravity was 1.011. The patient then drank 
1,600 ml. of water and passed 80 ml. of urine in the 
next four hours. During six days the urinary volume 
from 10 a.m. to 10 p.m. averaged 550 ml., and from 
10 p.m. to 10 a.m., 1,540 ml. His weight at 10 P.M. 
averaged 2.0 kg. higher than at 10 a.m. 

An intravenous pyelogram showed normal excre- 
tion from the right kidney which was normal in ap- 
pearance. There was no convincing evidence of 
excretion from the left kidney. 


On day 11 (vide seg. and Fig. 6), when the patient's 
intake of potassium was only 17 mEq. per day, and his 
plasma potassium was 2.3 mEq./L., the following 
renal clearances were obtained (ml. per minute): 
inulin, 64; PAH, 267; phosphorus, 21; potassium, 48: 
the inulin/PAH ratio was 0.24 and the potassium 
inulin ratio 0.75. 

The urinary output of 17-ketosteroids was 19.5, 
12.8 and 13.5 mg. on successive days, and of 17-keto- 
genic steroids 11.5, 14.5 and 8.8 mg. on the same days. 
ACTH gel (a batch which was subsequently found to 
be not very active) in a dose of 20 units was then 
injected intramuscularly twice daily for four days 
(days 4 to 7, Fig. 5), on which the urinary output of 
| 7-ketosteroids was 18.7, 10.0, 14.6 and 15.3 mg. and 
of 17-ketogenic steroids 28.7, 28.4, 22.7 and 22.7 me. 

The urinary aldosterone was 1.5 and 1 ug. on days 
1 and 2 when his sodium intake had just been raised 
from approximately 30 to 124 mEq. day. The plasma 
hydrocorusone on day 4, before the administration ot 
ACTH was 6.7 wg. per 100 ml. 

The salivary sodium/potassium ratio on three 
occasions was 0.15, 0.13 and 0.12, the flow rate being 
0.85, 0.94 and 0.170 ml. per min., respectively. 

The haemoglobin was 109 per cent (Haldane). The 
leukocyte count was 3,000 per cu. mm. with a nor- 
mal differential distribution. ‘The erythrocyte sedi- 
mentation rate was 5 mm. in one hour (Westergren). 

Electrolyte balance (days 1 to 30, Fig. 6). Prior to 
his admission the patient had taken a low salt, low- 
calorie diet for several years. On day 2 the sodium 
intake was increased to 124 mEq. per day by the daily 
addition of 85 mEq. of sodium chloride. This intake 
was kept approximately constant during the investi- 
gations, while the potassium intake was varied. The 
calorific value of the diet was kept low at 970 calories 
per day in order to reduce the patient’s weight. 

On the baseline days (days 2 and 3), the urinary 
sodium was 17 and 63 mEq., and 84, 84, 114 and 102 
mEq. when ACTH was given (days 4 to 7), the bal- 
ance being positive. On the following two days (days 
8 and 9), the urinary sodium was 179 and 154 mEq.. 
the balance being negative. Thereafter the sodium 
balance behaved normally; there was no indication of 
any unusual tendency to retain sodium. A brief re- 
tention appeared when the potassium intake was 
lowered (days 11 to 13), and a brief diuresis when 
potassium intake was raised (days 17 to 19). There 
was also a brisk diuresis when ammonium chloride 
was administered (days 27 to 31). The faecal sodium 
varied from 4 to 6 mEq. per day. 

The balance of potassium was negative during the 
administration of ACTH (days 4 to 7) and for the next 
two days (days 8 and 9). When the intake of potas- 
sium was reduced to 17 mEq. per day (days 10 to 16), 
a value only just higher than the faecal loss of 15 mEq. 
per day, the potassium balance became strongly 
negative, with no tendency after the first two days for 
the urinary potassium to fall. From day 4 to day 16, 
the total potassium balance was minus 387 mEq. 
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ACTH (20u, D.d.) 


AMMONIUM CHLORIDE 
(140 mEqe/day) 


SODIUM BALANCE 
(me q/day) 


POTASSIUM BALANCE 
(me g/day) 


RENAL POTASSIUM LOSS 


POTASSIUM 4 
° 
BICARBONATE AND 
HCO 
10 - 
90 
DAY 10 20 25 30 


Fic. 6. Metabolic studies in Case mt. Balances of sodium and potassium. Plasma 
concentrations of sodium potassium, bicarbonate and chloride are shown. 


On day 17 the intake of potassium was increased to 
150 mEq. per day. ‘The faecal potassium was 15 to 
17 mEq. per day. The urinary potassium rose slowly, 
and there was considerable retention of potassium. 
even when ammonium chloride was administered. The 
total retention from day 17 to day 31 was 647 mEq. 
The patient had gained 260 mEq. of potassium during 
his stay in hospital. 

The plasma sodium rose from 140 to 145 mEq., L. 
during the administration of ACTH. It then remained 
constant until the intake of potassium was increased 
on day 17. Three days later it had fallen to 138 mEq. 
and it remained at this level until day 27. 

The plasma potassium varied between 2.2 and 3.1 
mEq./L. until the intake of potassium was raised on 
day 17. Three days later it was 3.3 mEq./L. and there- 
after varied between 3.0 and 3.6 mEq./L. The lowest 
limit of normal in this laboratory is 3.5 mEq./L. 
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The plasma bicarbonate varied between 3/7 and 
41 mEgq., L. until the supplement of was 
given; it then fell slowly to 33 mEq. until ammonium 
chloride was given, whereupon the fall continued to 
25 mEq./L. 

The plasma chloride was originally 97 mEq./L., 
falling to 93 mEq./L. on day 17. After administration 
of potassium chloride, it rose to 103 mEq. on day 27. 
Ingestion of ammonium chloride was followed by a 
further rise to 110 mEq./L. 

The blood pH on day 2 was 7.35. Before ammo- 
nium chloride was given on day 27 it was 7.32, and 
after five days’ administration of ammonium chloride 
it was 7.35. 

Presacral air insufflation showed both adrenals to 
be normal, although the left was a little larger than 
the right. An intravenous pyelogram showed practi- 
cally no excretion of dye by the left kidney. 


| 
| H al 
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200-4 
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Laparotomy was not performed on this patient, for 
reasons which will be discussed. He was discharged 
from the hospital. 

COMMENTS 


Renal Loss of Potassium. ‘he normal kidney 
reduces tts excretion of potassium to between 3 
and 15 mEq./day when potassium deficiency 
is experimentally produced, even in the presence 
of acidosis or alkalosis |/3-/7|. These studies 
were of short duration, lasting four to eleven 
days [75]. The two patients of Schwartz and 
Relman [78] who had prolonged potassium 
deficiency, from the overuse of laxatives, also 
reduced their urinary excretion to 3 and 
mEq. /day. 

A reasonable criterion for the renal loss of this 
ion would therefore appear to be the continuous 
daily excretion of more than 20 mEq./day when 
the plasma potassium is below normal. This 
would not exclude the possibility of positive 
balance providing potassium intake were suffi- 
ciently high. 

All three cases reported here show such an 
abnormality. In Case 1 (Fig. 3) the lowest ex- 
cretion rates were 22, 16 and 22 mEq./day on 
days 15, 16 and 17, and the lowest average for 
six consecutive days (13 to 18) was 35 mEq./ 
day; plasma potassium was below 2.5 mEq.,/ L. 
In Case u the urinary potassium was greater 
than 39 mEq./day on days 4, 12 and 18 (Fig. 5) 
when plasma concentration was below 2.6 
mEg./L. In Case in (Fig. 6) the urine potassium 
content fell to an average of 46 mEq./day when 
potassium intake was reduced in order to test the 
renal ability to conserve this ion (days 10 to 16); 
plasma potassium was below 2.3 mEq./L. at this 
time. 

Potassium deficiency is indicated in all three 
cases by evidence other than hypopotassaemia; 
Cases 1 and i retained 1,069 and 260 mEq., 
respectively while on balance studies, and in 
Case 11, in which such studies were not possible, 
there was the clinical evidence of muscle paraly- 
sis, low muscle potassium, and cure with admin- 
istration of potassium salt. Faecal potassium was 
abnormally high in Case 1 and undoubtedly 
contributed to the deficiency, but the striking 
feature was the continuously high urinary potas- 
sium which produced negative balance when 
potassium intake was lowered from high to 
normal levels on day 32. 

The possible causes for renal potassium loss lie 
either in the renal tubule itself or in its control by 
hormones of the adrenal cortex. Case 1 is an 


example of deranged control of electrolyte 
excretion by hormones from a carcinoma of the 
adrenal cortex; his urine contained excess 1/7- 
ketosteroids, 17-ketogenic steroids and aldoster- 
one but his plasma hydrocortisone concentration 
was only at the upper limit of normal. 

Since Conn | 4,5} described a case of potassium 
deficiency due to renal loss which was caused by 
an aldosterone-producing tumour of the adrenal 
cortex, and successfully predicted that a sinular 
tumour was likely in a case which had been 
published as an example of potassium-losing 
nephritis | 79], several cases have been regarded 
as examples of the syndrome which he called 
‘primary aldosteronism”’ {/9-29| (Table 1v). 
besides six others personally communicated to 
Conn and Louis {30}. In some of these cases, 
however, it has not been possible to search for 
direct evidence of excess production of aldoster- 
one [27,23,26,28|; more important, two patients, 
clinically similar, showed normal values for this 
hormone in urine {22,25} whilst in a third [20] 
who had one raised urine value there were also 
two normal values for both blood and urine 
aldosterone. 

Prunty [37] called attention to this aspect of 
the problem and observed that the causes of this 
clinical condition were more complex than the 
production of excess aldosterone by benign 
adrenal cortical tumours. Thus hypokalaemia 
and alkalosis are often found in manifest Cush- 
ing’s syndrome; three cases of this condition have 
been recorded in which excess sodium-retaining 
material [32] or aldosterone [33} has been found: 
in the cases of the latter authors the urine con- 
tained 51 wg. per day. The electrolyte abnormali- 
ties also occur during therapy with cortisone or 
with ACTH, although current evidence [34] 
suggests relatively small transitory increases of 
aldosterone output when ACTH is given. 

In the recent cases the causative lesion varied: 
in those of van Buchem [27] and Wyngaarden 
'26| there was hyperplasia of the adrenal cortex 
and no tumour was present. In the case of Foye 
and Feichtmeir [29] there was an adrenal car- 
cinoma and, after temporary alleviation by re- 
moval of the tumour, there was a relapse with 
the appearance of metastases; in our Case | 
primary adrenal carcinoma was also present. In 
the case of Spaulding et al. [28] there were 
secondary deposits of bronchogenic carcinoma 
in the adrenal cortex. In the other cases, it was 
shown that localized tumours of the adrenal were 
present. 
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TABLE IV 


URINARY OUTPUT OF 


ADRENAL STEROIDS PER DAY 


| | 17-keto- | 17-hy- 
| | | genic- | droxy- 
Reference | Sex | Adrenal Lesion steroids | 
steroids steroids | 
(mg.) (mg.) (meg.) 
| (5 to 21)* | (5 to 18) | (1 to 12) 
[4,5] I | Localised tumour 5.7 5.0 
(79) | Localised tumour 
| F | Localised tumour 
[27] | M ! Localised tumour 17.2 6.5 4.5 
5.8 
[22] I Localised tumour 7.4 18.6 
6.7 
(23) F | Localised tumour _....... 
[24] r | Localised tumour 10 to 14 
25) I | Localised tumour 6.0 10.7 
5.9 11.4 
[27] M Hyperplasia 4 
[29] M | Primary carcinoma 61015 | 25 to 60 
Present | 
Case 1 M | Primary carcinoma 251053 | 467686 i 
| 


11-oxy- Corti- Sodium Retain- 
corti- Aldosterone 
steroids | coids ing Steroids: 
sone ( peo.) 
(mg.) (mg.) Bioassay 
(0.5 to 1.5) (23 to 57) t T 
4to 30 X normal 
0 7 X normal! 
21 to 40 norma! 
2.3 X norma! 
normal 
34 10 _| definitely 
increased 
normal 
10 X norma! 
15 X normal 


* Figures in parentheses represent the normal values. 


t Since different assay methods give different norma! values, results are quoted in relation to each author’s norma! value. 
¢ “Blue tetrazolium reducing” steroids: these values considered to be definitely increased. 


§ Dinitrophenylhydrazine method: normal range stated to be 1.5 to 3. 


In Table 1v it will be seen that, although the 
data are somewhat scanty, there appear to be 
patients in whom there was an increased excre- 
tion of steroids other than aldosterone. This is 
especially noticeable in the patients with primary 
carcinoma. It is remarkable that none of these 
particular patients, including the one in our 
present Case 1, showed the usual appearances of 
Cushing’s syndrome. 

In Case 1 of this paper, the raised production 
of steroids other than aldosterone may account 
for differences from Conn’s clinical and meta- 
bolic findings. ‘The common features are hyper- 
tension, abnormally high secretion of sodium- 
retaining steroid, potassium deficiency with 
hypokalaemia and alkalosis, and hyposthenuria; 
the alkalosis and hyposthenuria being ascribed 
to the potassium deficiency [78]. Outstanding 
differences are that our patient (Case 1) had 
oedema, an exceptionally high faecal potassium, 
and that his plasma potassium rose sharply to 
above normal concentration when the potassium 
supplement was given, whereas in Conn’s case it 
could only be raised to low normal values. It is 
suggested [35] that this rapid increase may be 
more typical of increased adrenocortical activity 
and may reflect a diminished tendency for 
potassium to enter cells. When plasma potas- 
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sium reached normal values the plasma bicar- 
bonate and chloride also returned to normal; 
they remained so to the end of the study although 
plasma potassium subsequently fell to the 
original level and potassium balance became 
negative. 

A notable feature of the balance data (Fig. 4) 
is the parallelism between the sodium and potas- 
sium balances. There is a marked tendency 
throughout for variations in these to move in the 
same direction, except when there are sudden 
changes in over-all balance which were pro- 
duced by supplementary potassium chloride on 
day 26 and by supplementary sodium chloride 
on day 36. Luetscher and Curtis [36] have shown 
that, in normal circumstances, reduction of 
sodium intake leads to increased aldosterone 
production while increased intake leads to a fall. 
If this occurred in Case 1, urine potassium might 
be expected to be raised during the phase of low 
sodium intake, and lowered when the sodium 
supplement is given; in fact the reverse is true. 

These observations are in contrast to the well 
known effect of single adrenal steroids including 
aldosterone [37] and can be observed in Conn’s 
data [4] at times when his patient’s output of 
17-hydroxysteroids was changing rapidly as the 
result of withdrawal of administered hydro- 
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cortisone or ACTH. It also appears in the data 
of Foye and Feichtmeir [29] which had raised ex- 
cretion of 17-ketogenic steroid, and Mader and 
Iseri [24] produced sodium diuresis in their 
case with intravenous cortisone. It is probable 
that the “‘glucocorticoids”’ are partially correct- 
ing an electrolyte abnormality induced by 
sodium-retaining steroid, similar to the antago- 
nism between cortisone and DOCA shown by 
Forsham et al. [38] and Rosenbaum et al. [39]. 
A point in favour of this concept is the abrupt 
decrease of faecal potassium when cortisone was 
administered in Case 1. 

In this case, there is an interesting association 
between the potassium balance and the 1/- 
ketogenic steroid output (output of 1/-keto- 
steroid paralleled that of 1/7-ketogenic steroids 
but is not charted for the sake of clarity). During 
the period of mild positive balance (days 13 to 
26) there was a slow rise in the steroid output; 
when the balance was made strongly positive 
with supplementary potassium (days 27 to 29) 
there followed a sharp rise in steroid excretion 
which changed to a continuous fall when potas- 
sium balance became negative. The changes in 
steroid excretion appeared to follow from one 
to three days after changes in the balance, so 
that the possibility arises that positive potassium 
balance caused a rise in steroid output and that 
negative balance produced a fall; it is recognised 
that this is not a normal sequence. 

It is notable that, although the expected effect 
of aldosterone is to produce a loss of potassium 
and a gain of sodium, this trend could be re- 
versed in most of those cases in which balance 
studies have been performed. Thus, in Conn’s 
case |4| potassium was retained during four 
of five days of supplementary dosage although 
there was evidence of resistance to repletion; in 
the cases of Evans and Milne [79], Milne and 
Muehrcke [22], Chalmers et al. [20], Mader and 
Iseri [24], and in our present Case 1 several hun- 
dred mEq. of potassium were retained when the 
intakes were high. In the opposite direction, so- 
dium loss was seen in Mader and Iseri’s case [| 24] 
when the intake was 34 mEq./day; the prolonged 
sodium loss in Case 1 when intake was 30 mEq./ 
day may not be unusual, although Bartter [34] 
postulated that such patients should have an ex- 
cessively low sodium output when the intake is 
reduced. 

A possible cause for sodium loss in this patient 
is the apparently selective damage to the renal 
tubules presumably due to the potassium defi- 


ciency; filtration rate was at the lower normal 
limit while the tubules’ ability to handle water 
was considerably diminished. It is possible that, 
in this situation, the load of sodium presented to 
the tubules exceeds the ability of the tubules 
to reabsorb it so that urinary sodium could not 
be reduced below a maximum, which was not 
low enough to achieve balance. 

The salivary Na/K ratio (Table 1) is at the 
lower normal limit (vide seg.) and is not signifi- 
cantly influenced by changes in electrolyte intake 
or balance, perhaps because the salivary glands 
were conserving sodium maximally throughout. 

With regard to the preoperative problem of 
the precise nature of the lesion involved, al- 
though the evidence of a palpable abdominal 
tumour, together with the indications of renal 
displacement and a suprarenal tumour given by 
the intravenous pyelogram and air insufflation, 
was conclusive, the results of functional tests to 
decide whether or not the lesion was autonomous 
were equivocal. There was an undoubted in- 
crease in the output of ketogenic steroids and 
ketosteroids due to the administration of ACTH; 
it was not as great as the increase expected in 
patients with hyperplastic adrenals [3/7]. This 
appears to be the second instance of responsive- 
ness of a carcinoma to ACTH [4]. On the other 
hand, cortisone did not suppress ketosteroid 
excretion. | 

Case 11 appears to be an example of renal loss 
of potassium due to inability of the tubules to 
produce ammonium ion, leading to excretion of 
potassium as fixed base. Ample evidence of 
gross tubular dysfunction, more severe even than 
the diminution of glomerular filtration, 1s pro- 
vided by the inability to concentrate the urine 
in response to dehydration or to pitressin, by the 
occasional glycosuria, and by the inadequate 
tubular capacity to excrete PAH. Nevertheless, 
the results of Cutler’s test demonstrated a normal 
conservation of chloride and, by inference, of 
sodium [47]. It is important that the renal pro- 
duction of titratable acid was normal, while 
that of ammonium ion was grossly inadequate; 
this would seem to preclude the possibility that 
the potassium loss was primary since, if that 
were so, production of titratable acid would be 
reduced while that of ammonia would be nor- 
mal [76]. Additional support for the proposition 
that potassium loss is secondary to the inability 
to form ammonium is provided by the sparing 
effect of administered sodium citrate on the 
urinary loss of potassium and possibly calcium. 
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Albright and Reifenstein [42] consider that the 
acidosis and nephrocalcinosis are typical features. 

Foss, Perry and Wood [43] have concluded 
that many cases of this type are initiated by con- 
genital defects of tubular function. In view of 
the autopsy finding suggesting the presence of 
sarcoidosis, the possibility that this condition 
produced the nephrocalcinosis has to be con- 
sidered. The clinical features in the penultimate 
hospital admission suggested the development 
of a tuberculous lesion at this time; this sugges- 
tion could not be confirmed. Nephrocalcinosis 
was already evident on x-ray films of the abdo- 
men, and renal damage was of many months’ 
duration. It has been pointed out [44] that 
secondary renal lesions may develop in sarcoido- 
sis at a time when clinical evidence of the pri- 
mary condition is almost entirely absent. Never- 
theless, nephrocalcinosis in sarcoidosis appears to 
be regularly associated with hypercalcaemia 
which was repeatedly found to be absent in this 
case. 

Case m1 Ulustrates the difliculties of ascribing 
renal loss of potassium to defects of the renal 
tubule or to their hormonal control. With regard 
to the former possibility, it has been suggested 
[45-49| that chronic pyelonephritis or hyperten- 
sion may produce such defects. However, the 
situation is complicated by these factors: (1) po- 
tassium deficiency alone may produce renal 
damage [78]; (2) when the potassium loss is of 
hormonal origin, hypertension is usually present: 
and (3) the damaged kidneys may be liable to 
infection [22]. It is this complex interaction of 
possibilities which causes confusion. Evans and 
Milne [79] and Russell et al. [25] who originally 
ascribed the abnormalities of their patients to 
pyelonephritis have since shown these ab- 
normalities to be due to adrenal tumours. 

The features of hypokalaemia and alkalosis, 
potassium deficiency, hypertension and renal 
damage in this case could reasonably be ascribed 
to either cause. A special point in favour of a 
primarily adrenal pathology was the Na/K 
ratios in the saliva. ‘These were low in compari- 
son with normal values reported by Prader 
et al. [50] who also observed that the ratio in- 
creases with rising salivary flow and varies with 
time of day. However, Pawan [57] has reported 
a normal range of 0.15 to 2.10 (mean 0.58), and 
normal controls under our conditions gave ratios 
between 0.16 and 1.21 (mean 0.43; standard 
deviation +0.27) not consistently affected by 
the rate of salivary flow; the difference between 
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these groups is probably accounted for by diur- 
nal variation, our collections being made be- 
tween 10 and 11 a.m. It was not considered that 
the low ratio of 0.12 achieved in Case 11 was 
decisive. 

It is unfortunate that negative findings are not 
to be relied upon: thus this patient had normal 
aldosterone excretion but this does not rule out 
primary adrenal dysfunction, as has already 
been noted. The air insufHation did not demon- 
strate a definite increase in adrenal size, but this 
would not be expected in hyperplasia and tu- 
mours could be so small that they might not 
be visualised by this method. Against the possi- 
bility of this patient’s condition being of adrenal 
origin was the previous history of renal pain, 
the poor excretion of contrast medium by the 
left kidney, and the positive urine culture. The 
urinary excretion of 1/7-ketosteroids and 1/- 
ketogenic steroids was normal and the response 
to ACTH was also thought to be normal. There 
was therefore no direct evidence to implicate the 
adrenal cortex but the final proof of operative 
exploration is lacking. In addition there was a 
prolonged positive potassium balance on normal 
intake in the presence of normal sodium 
intake. 

The position is ably considered by Aird, Milne 
and Muehrcke [52] who concluded that primary 
adrenal abnormality ‘‘can only be excluded with 
absolute certainty by planned exploration of the 
adrenals or by necropsy.”’ 

In the light of these conflicting issues, the 
management of the case was considered. On the 
one hand were the possibilities that operative 
removal of an adrenal abnormality might re- 
verse renal damage due to continued potassium 
deficiency, and might relieve hypertension. On 
the other hand were the absence of reasonable 
confidence in the possibility of adrenal ab- 
normality, the risks of operation in a poor sub- 
ject, the ease of correction of potassium de- 
ficiency by the administration of potassium salts, 
the possibility of removing the urinary infection 
with antibiotics, the probability that the long- 
standing hypertension had produced permanent 
renal damage, and finally the doubt whether 
permanent relief of hypertension was altogether 
desirable under these circumstances, while trial 
could be made of controlling it with hyperten- 
sive agents. With regard to this last considera- 
tion, it is noteworthy that Evans and Milne [79]. 
Chalmers et al. [20] and van Buchem et al. [27] 
reported considerable decrease in renal function 
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when hypertension was relieved by removal of a 
tumour or hyperplastic adrenals. 
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ADDENDUM 


In Case 11 the patient died twenty-one months 
after discharge. An autopsy was performed by 
Dr. R. A. Goodbody who reported that conges- 
tive cardiac failure was the cause of death. Both 
adrenals were enlarged, one weighed 18.5 gm. 
and the other 15.5 gm. There was a yellow 
tumour, 20 mm. in diameter, in the cortex of the 
former. ‘The kidneys, macroscopically, showed 
fine subscapular granulation and the histology 
was consistent with malignant hypertension. 
A sample of muscle taken from the thigh con- 


tained 78 mEq. of potassium per kg. of fresh 
muscle (normal 77 to 103 mEdq.). 
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Glycinuria, a Hereditary Disorder 
Associated with Nephrolithiasis- 


ANDRE DE VRIES, M.D., SHAUL KocHWA, PH.D., JACOB LAZEBNIK, M.D., 
MENAHEM FRANK, M.D. and MEIR DJALDETTI, M.D. 


Petah Tikva, Israel 


INCE the discovery of cystine in a bladder 
stone by Wollaston [7] in 1805, excessive 
amino acid excretion in the urine has been the 


subject of intensive investigation. The study of 


separate amino acids in urine has been greatly 
facilitated by the application of paper chroma- 
tography by Dent [2] in 1946. By this method 
specific patterns of urinary amino acid excretion, 
associated with various known syndromes, could 
be defined and new aminoacidurias were dis- 
covered. In the present communication we 
report a new aminoaciduria: glycinuria, which 
was detected by chromatographic examination 
of the urine from a patient with recurrent 
bilateral nephrolithiasis. Investigation of the 
family showed this aminoaciduria to be a heredi- 
tary disorder, associated with nephrolithiasis. 


CASE REPORT 


S. R., a twenty year old unmarried female dress- 
maker, born in Bulgaria and residing in Israel eight 
years, was admitted to the medical department on 
November 1, 1955, with a chief complaint of pain in 
the right lumbar region. At the age of two she had had 
fever and the urine had been found to contain pus. 
At the age of four she had had left renal colic and 
again pyuria had been found. After repeated renal 
colics, reentgenographic examination was performed 
at the age of six and a calculus in the left kidney was 
demonstrated. The attacks continued, and at the age 
of ten roentgenographic examination demonstrated 
several stones in the left kidney. Four stones were 
removed from the left kidney by pyelotomy and a 
nephrostomy was performed. In 1946 when she was 
eleven years old the left kidney, which was reduced 
to a sac of pus, was removed. Since then she felt well 
until 1954 when she had attacks of right lumbar pain 
with hematuria. Roentgenographic examination re- 
vealed a peanut size stone in the right kidney. 

On admission in November, 1955, her physical 


findings were essentially normal. She had no fever, the 
blood pressure was 140 80 mm. Hg. Urinanalysis 
showed traces of albumin, a few leukocytes and many 
oxalate crystals in the sediment, a specific gravity 
ranging from 1.008 to 1.018, and repeated urine cul- 
tures were negative. The erythrocyte sedimentation 
rate was 12 mm. in one hour, the hemoglobin was 
14.3 gm./100 ml., the white cell count was 6300/cu. 
mm. and the differential count was normal. The blood 
urea nitrogen was 27 mg./ 100 ml.; fasting blood sugar 
was 89 mg./100 ml.; total protein, 7.3; albumin, 4.1; 
and globulin, 3.2 gm./100 ml.; serum chloride, 
103 mEq./L.; sodium, 130 mEq./L.; potassium, 5.6 
mEq./L.; uric acid, 2.5 to 3.4 mg./100 ml.; CO com- 
bining power, 26 mEq./L.; the serum calcium ranged 
from 9.3 to 10.1 mg./100 ml., inorganic phosphorus 
from 4.3 to 5.7 mg./100 ml.; the alkaline phosphatase 
values were 2.4, 1.8 and 4.4 Bodansky units. The urea 
clearance was 76 to 98 per cent of normal. A roentgen- 
ogram of the right kidney revealed a stone the size of a 
small nut; intravenous excretory urography revealed 
slight dilatation of the renal pelvis, good excretion of 
contrast substance, and localization of the stone in the 
renal pelvis. Roentgenograms of the skull, vertebra, 
arms, wrists, hands, pelvic bones and legs did not 
disclose any abnormality. 

As the patient had many renal colics which pre- 
vented her from carrying on her work, and as re- 
peated pyelograms showed that since 1954 the stone 
had increased in size and moderate hydronephrosis 
of the renal pelvis and calyces had developed, it was 
decided to remove the stone surgically. Right pyelot- 
omy was performed on July 25, 1956. On operation 
the kidney was seen to be slightly enlarged. A stone the 
size of a nut was removed from the pelvis. Apart from 
this no other pathologic condition was found. ‘The 
postoperative course was uneventful. 

The patient was advised to drink 3!¢ L. of fluid per 
day during the hot summer months and 2!» L. during 
the cooler periods of the year. Since then she has had 
no lumbar pain or fever. Repeated urine examina- 
tions occasionally showed a trace of albumin, but no 
cells, casts or crystals. 


* From the Department of Medicine D and the Rogoff Clinical Research Institute of the Labour Sick Fund, Beilinson 
Hospital, and the Department of Urology, Sharon Hospital, Petah Tikva, Israel. 
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SPECIAL STUDIES 


Aminoaciduria. ‘Two dimensional ascending 
paper chromatograms of the urine were ob- 
tained on Whatman No. 1 filter paper, using the 
phenol solvent system of Berry et al. [3] in one 
dimension, and lutidine-collidine-diethylamine 
'4| in the other. The color was developed with 
0.1 per cent ninhydrin in isopropanol [35]. The 
amino acid pattern of the patient’s urine showed 
a prominent spot at the location of glycine, but 
was otherwise normal. (Fig. 1.) The substance 
responsible for this spot was verified as glycine 
by intensification of the spot when glycine was 
added to urine and by the o-phthalaldehyde 
reacuion according to Curzon [6}. Acid hydrolysis 
of the urine did not decrease the intensity of the 
spot, indicating that the responsible substance 
was not a peptude. 

A rough quantitative estimation of glycine in 
the urine by comparison of the chromatogram 
with chromatograms of glycine solutions of 
known concentration indicated a glycine excre- 
tion of about 650 mg. per twenty-four hours. 
More accurate values were obtained by micro- 
biologic assay of glycine using a glycine- and 
serine-dependent E. coli mutant in Davis mini- 
mal medium |7}. Since the amount of serine in 
the patient’s urine was not increased, as demon- 
strated in the amino acid pattern by the perio- 
date Nessler reagent [&|, daily glycine excretion 
was estimated by subtracting 50 mg. (average 
normal amount of serine excreted daily {9]) from 
the values obtained by the microbiologic assay. 
The amount of glycine excreted per twenty-four 
hours, estimated by this method, on six consecu- 
tive days ranged from 798 to 1,200 mg. with an 
average of 991 mg., as compared with the values 
of 113 to 218 mg. obtained in eight normal 
adults, average 156 mg. per twenty-four hours. 

The daily total amino nitrogen excretion, 
determined according to King [70], was mark- 
edly elevated, ranging from 241 to 316 mg. with 
an average of 286 mg., as compared with the 
values obtained of 51 to 152 mg. in eight normal 
adults, average 120 mg. per twenty-four hours. 
The increase in urinary amino nitrogen cor- 
responded to the excess glycine excreted. 

Chromatography of serum was performed 
after deproteinization by addition of 9 volumes 
of 96 per cent alcohol; the supernatant was 
evaporated to dryness and the residue redis- 
solved in distilled water to one-tenth the original 
volume of the serum. A chromatogram of the 
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Fic. 1. Chromatogram of urine from patient S. R. The 
dense spot is glycine. 


fasting serum showed a normal amino acid 
pattern with a glycine spot of normal intensity. 
This finding indicates that this case of glycinuria 
can be classified with the renal aminoacidurias. 

Of interest is the excessive glycine excretion in 
the urine after an intravenous glycine load. An 
injection of 7 gm. glycine (1 gm. per 15 pounds 
body weight [77]) in 70 ml. saline solution was 
given intravenously within a period of two and a 
half minutes. Within the first twenty minutes 
38 ml. urine containing 850 mg. of glycine (2.24 
gm. per cent) were excreted; in 200 minutes a 
total of 1,240 mg. glycine appeared in the urine. 
These values may be compared with the glycine 
excretion in two normal subjects after an intra- 
venous glycine load of 1 gm. per 15 pounds body 
weight who, within the first twenty minutes 
excreted 240 mg. and 285 mg., respectively 
(1.45 and 0.57 gm. per cent), and in 200 minutes, 
394 and 340 mg. The chromatogram of the 
serum in the patient showed a return to normal 
intensity of the glycine spot after approximately 
two hours. The glycine excretion was not in- 
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fluenced by a low protein diet containing 30 gm. 
of protein per day; on the third day of this 
diet the amount of glycine excretion was 890 
mg. 

Analysis of Stone. Routine examination of the 
stone was carried out according to Winer and 
Mattice [72]. The stone had a reddish brown 
color, it was hard with a rough surface, weighed 
0.7 gm. and contained 13.4 per cent water. It 
was composed mainly of calcium oxalate. The 
stone was analyzed for glycine as follows: a 
fragment of the stone weighing 150 mg. was 
soaked three times in 0.4 ml. distilled water for 
fifteen minutes and the three washings, obtained 
by centrifugation, were collected separately. ‘The 
final sediment was resuspended in 0.4 ml. 1 N 
HCI for thirty minutes at room temperature and 
recentrifuged. [he clear supernatant was evapo- 
rated to dryness by an air current at 60°c. and 
the residue was dissolved in 0.4 ml. distilled 
water. The solution and the three washings were 
chromatographed as described. The chromato- 
srams of the second and third washings were 
found to be negative for glycine. The chromato- 
sram of the acid extract of the washed fragment 
of the stone showed only one strong spot with the 
R; of glycine. The spot was identified as glycine 
by addition of glycine to the extract of the stone 
and the o-phthaladehyde reaction [6]. A rough 
estimation of glycine on the chromatogram by 
comparison with simultaneously run glycine 
standards gave a value for glycine of 0.5 per cent 
of the dry weight of the stone. 

Similar analysis of eight random oxalate stones 
obtained from various other patients of the 
department of urology did not reveal glycine or 
other spots on the chromatograms of acid ex- 
tracts of the stones. The treatment already 
described failed to reveal the presence of glycine 
in a random oxalate stone which was soaked for 
thirty-six hours in patient’s urine containing 
1 Qrycine. 

Investigation of Possible Metabolic Relationship 
between Glycine and Oxalic Acid in the Patient. The 
association of excessive glycinuria and oxalate 
and glycine in the stone prompted consideration 
of a possible conversion of glycine through gly- 
oxylic acid to oxalate, which has been demon- 
strated to occur in the rat liver [73]. If such a 
metabolic pathway were present in our patient 
glyoxylic acid and excessive amounts of oxalic 
acid might be found in the urine. 

However, chromatographic examination of 
the urine by the method of Cavallini et al. 
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|/4,175| revealed only the usual phenylhydrazones 
of pyruvic and a-ketoglutaric acid, but not of 
glyoxylic acid. Moreover, the daily excretion of 
oxalic acid in the urine, determined by the 
method of Powers and Levatin [/6] on nine 
consecutive days, was found to be normal (18 to 
40 mg./twenty-four hours, normal up to 50 mg. / 
twenty-four hours |/7|). These results do not 
furnish evidence for such a metabolic relation- 
ship between glycine and oxalic acid in this 
case. 

Studies on Calcium and Phosphorus Excretion in 
Urine and Intravenous Calcium Infusion Test. 
Calcium and phosphorus were determined by 
the method given in Fister’s manual |/8|. On a 
regular hospital diet containing 950 to 1,000 mg. 
calcium per day, the average daily calcium 
excretion by our patient (S. R.) amounted to 
180 mg. (183,246,112), which is in the normal 
range {77}. 

An intravenous calcium infusion test was per- 
formed in order to detect osteomalacia, described 
in association with glycinuria by Evered [9], and 
to obtain evidence for hyperparathyroidism. The 
test was performed according to the modification 
by Nordin and Frazer [79] of the method de- 
scribed by Howard et al. [20]. Eight hours after 
the beginning of the intravenous infusion of 
calcium gluconate (15 mg. of calcium per kg. of 
body weight), the serum phosphorus had risen 
from the preinfusion value of 3.8 mg. per cent to 
5.2 mg. per cent. The phosphorus excreted in the 
urine during the twenty-four hours from the 
beginning of the calcium infusion amounted to 
51 mg. as compared with the twenty-four hours 
preinfusion value of 248 mg., i.e. a decrease of 
79.4 per cent. These data are consistent with nor- 
mal parathyroid function [20]. The serum cal- 
cium rose from the preinfusion value of 9.1 mg. 
per cent to 13.2 mg. per cent at the end of the 
infusion (i.e. after four hours) and returned to 
10.1 mg. per cent after an additional four-hour 
period. ‘The net urinary calcium output during a 
twelve-hour period starting with the calcium in- 
fusion, calculated according to Nordin and 
Frazer [79], was 43.2 per cent, which is in the 
normal range (27 to 55 per cent, average 41 per 
cent). 

The phosphorus clearance determined on the 
third day of a diet poor in calcium and phos- 
phorus, containing 115 mg. calcium and 250 
mg. phosphorus per day, was 4.5 ml./minute. 
The endogenous creatinine clearance [27] was 
64.5 ml./min. The phosphate/creatinine clear- 
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TABLE 
INVESTIGATION OF FAMILY OF PATIENT 5S. R. 
History 
Glycine Glycine 
Member of Family in Urine in 
| Renal | (mg./24 hr. *) | Serum y 
| Colic | Diagnose 
| (including 
| X-ray) 
Grandmother, V. R. (maternal side)........... + 593 Slight 


* Microbiologic assay. 
t Two dimensional chromatography. 


ance ratio was 0.07, which is in the normal 
range [22,23]. 

Absence of Renal Glucosuria. No glucosuria was 
detected on repeated random examinations, and 
also not after an oral glucose load, following 
which the blood sugar rose to 162 mg. per cent. 

Estimation of Xanthine in Urine. In connection 
with Dent’s [24] observation that glycine was 
liberated on hydrolysis of a xanthine stone, our 
patient was investigated for xanthinuria. De- 
termination of xanthine in the urine by the 
xanthine oxidase method of Kalckar [25] re- 
vealed an output of 5 mg. xanthine in a twenty- 
four-hour sample. This value is in the normal 
range [24,26,27]. 

Investigation of Patient’s Family. Chromato- 
graphic examination of the urine of members of 
the patient’s family showed excessive glycine 
excretion with otherwise normal amino acid 
patterns in the patient’s sister, mother and ma- 
ternal grandmother. (Table 1.) The patient’s 
father, her maternal uncle and the two year old 
daughter of her sister had normal urinary gly- 
cine excretion. None of the family had gluco- 
suria. [he pedigree of this family is shown in 
Figure 2. 

The patient did not give a family history which 
was suggestive of renal colic or kidney stones. A 
personal history was taken from the members 
available, their urine was examined and roent- 
genographic examination of the kidneys, in- 
cluding excretory urography, was performed. In 
addition, roentgenographic examination of the 
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skull, spine, extremities and pelvic bones was 
carried out in order to detect osteomalacia. 
(Table 1.) 

In the patient’s twenty-two year old sister, 
who had glycinuria and gave a history of two 
right-sided renal colics during the last two years, 
a peanut-sized stone was detected on roentgeno- 
graphic examination of the right kidney. The 
urinary calcium excretion on the regular hospital 
diet was 80 mg./twenty-four hours. Intravenous 
calcium infusion caused the serum phosphorus 
to rise from 3 mg. per cent to 5.2 mg. per cent 
and the twenty-four-hour urinary phosphorus 
output to decrease by 88 per cent; the serum 
calcium rose from 10.9 to 13.3 mg. per cent and 
the twelve hour net urinary calcium output was 
34.9 per cent. The phosphorus clearance on the 
third day of a diet poor in calcium and phos- 
phorus was 4.8 ml./minute. All these values are 
in the normal range. 

The grandmother who had glycinuria had a 
history of renal colic but no stones had been 
passed and present roentgenographic examina- 
tion of the kidneys was negative. 


COMMENTS 


In the present communication we report the 
occurrence of excessive urinary glycine excretion 
in four female members of one family, which was 
associated with nep!:rolithiasis in three of them. 
The one kidney stone available for examination, 
composed mainly of calcium oxalate, was found 
to contain a small amount of glycine in non- 
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protein or non-peptide form. It appears from 
the pedigree that the glycinuria is a dominant 
sex-limited character [28], although the pedigree 
is too small to be absolutely certain about this. 
Glycine is a non-essential amino acid normally 
present in urine, the daily excretion in normal 


V 


Fic. 2. Pedigree of glycinuria. Black indicates excessive 
glycine excretion, the asterisk nephrolithiasis. 


subjects varying, according to Stein [29] from 68 
to 199 mg. and as determined in the present 
study from 113 to 218 mg. The amounts of 
glycine excreted daily by the reported siblings 
with glycinuria ranged from 593 to 1,200 mg. 

Increased glycine excretion may be caused by 
two mechanisms. It may be the result of an 
increased plasma glycine concentration—“‘over- 
flow’’— such as has been found in severe liver 
damage, in which there is generalized hyper- 
aminoacidemia and aminoaciduria [30]. Exces- 
sive glycine excretion may also be due to a defect 
in tubular glycine reabsorption. ‘The finding of a 
normal amino acid pattern of the serum in the 
presently reported subjects with excessive uri- 
nary glycine excretion indicates that this 
glycinuria can be classified with the renal 
aminoacidurias, in which there is a disturbance 
in tubular amino acid reabsorption. 

The degree of disturbance in tubular glycine 
reabsorption in patient R. S. may be estimated 
from the glycine:creatinine clearance ratio. 
Taking the patient’s plasma glycine level as 
1.5 mg. per 100 ml. (estimated from the serum 
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chromatogram) and using the average daily 
plasma glycine clearance was calculated as 46 ml. 
per minute. Consequently, the glycine : creatinine 


46 


clearance ratio was cA5 0.71; or, about 


70 per cent of the glycine filtered in the glomeruli 
was excreted in the urine. This may be compared 
with a normal excretion of only 7 per cent of 
filtered glycine, calculated from a normal daily 
glycine excretion of 156 mg., a normal plasma 
slycine level of 1.5 mg. per 100 ml., and a nor- 
mal endogenous creatinine clearance of 95 ml. 
per minute [27]. 

Increased glycine excretion due to renal 
disturbance is a common feature of those syn- 
dromes in which there is gross aminoaciduria 
with abnormal amino acid excretion pattern, 
such as the De Toni-Fanconi syndrome [4,9], 
Wilson’s disease [37] and H syndrome [32]. In 
some of these instances of gross aminoaciduria, 
glycine excretion is only moderately increased 
as compared with several other amino acids, as 1s 
the case in H syndrome [32]. In others the most 
striking increase of amino acid excretion is in 
glycine, as in certain cases of osteomalacia 
described by Anderson et al. [33]. In some of 
these syndromes there are additional tubular 
reabsorption defects of glucose and phosphate, 
as in the De Toni-Fanconi syndrome [34]. 

Only a few renal aminoacidurias have been 
described in which excessive glycine excretion 
was the main abnormality and associated with 
increased excretion of only a small number of 
other amino acids. Clarkson [35] reported amino- 
aciduria occurring in exposure to mercury vapor, 
in which glycine and alanine made up 80 per 
cent of the total urinary amino acids. Evered [9] 
mentioned unpublished observations of Astrup 
and Dent on patients with vitamin D-resistant 
rickets or osteomalacia, who exhibited a high gly- 
cine excretion and in addition excreted increased 
amounts of proline and L-methylhistidine. 

The renal aminoaciduria described in the 
present communication is different from that 
reported by Evered, in that the glycinuria is not 
accompanied by increased excretion of other 
amino acids, judging from the data obtained by 
two dimensional paper chromatography. There 
are additional arguments indicating that we are 
dealing here with a syndrome different from that. 
which was described by Evered. His patients, one 
female and cone male, both short in stature, had 
gross osteomalacia on roentgenographic ex- 
amination, and phosphaturia with a low renal 
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threshold for phosphate; the female patient had a 
low serum phosphate level, while in the male, 
who was examined after vitamin D,» therapy, the 
serum phosphate level was normal. In contrast, 
none of our cases with glycinuria had gross 
osteomalacia, and in those examined (the pa- 
tient, S. R., and her sister, D. B.) the serum 
phosphate level was normal, there was no hyper- 
phosphaturia and the intravenous calcium in- 
fusion test [79] gave normal results. Furthermore, 
the association of the glycinuria with nephro- 
lithiasis is not mentioned in Evered’s cases. 

Evered [9] mentions the possibility that in 
patients with osteomalacia the association of 
phosphaturia and glycinuria is related to com- 
petition of phosphate and glycine for reabsorp- 
tion from the kidney tubule (Ayer et al. |36]) and 
that the increased urinary glycine, associated 
with increased proline excretion, is connected 
with the high glycine and proline content in the 
collagen of the organic matrix of the bone. How- 
ever, our patients, who had a much higher 
urinary glycine excretion than Evered’s, did not 
show osteomalacia, hypophosphatemia, hyper- 
phosphaturia or prolinuria. This would seem to 
deny that such relationships of glycine and phos- 
phorus excretion, and of glycine loss and disturb- 
ance in organic bone matrix, are obligatory. It is 
probable that in Evered’s osteomalacic glycinuric 
patients the low renal threshold for glycine and 
also for phosphorus reflects independent renal 
tubular defects, the osteomalacia being related 
to the mineral loss. 

The mechanism of tubular glycine reabsorp- 
tion is not well known. Pitts [37] proposed a 
common mechanism for renal tubular reabsorp- 
tion for glycine, alanine, glutamic acid and 
arginine in the dog, the amino acids being bound 
within the cells of the proximal convoluted 
tubules by one and the same hypothetic sub- 
stance. However, according to the experiments 
of Beyer et al. [38], renal tubular glycine trans- 
port in the dog may be regulated by a separate 
mechanism, which is different from that for 
other amino acids. The occurrence of isolated 
excessive glycine excretion in our patients 
indicates the unique specificity of the tubular 
absorption mechanism for this amino acid in 
man. Our observations show that this mecha- 
nism of glycine absorption is not necessarily 
related to that active in tubular glucose and 
phosphate absorption. 

That nephrolithiasis may be linked in some 
way to the aminoaciduria is indicated by the 


SEPTEMBER, 1957 


413 


demonstration of kidney stones in the two sisters 
(S. R. and B. D.) and the history of renal colic 
in the grandmother. Analysis of one available 
stone demonstrated the presence of a small 
amount of glycine in addition to a large amount 
of oxalate. ‘he exact form in which glycine was 
present in the stone has not been determined. 
The amino acid could not be washed out by 
water but was extracted by treatment of the 
stone with 1 N HCl for thirty minutes at room 
temperature. Glycine is generally present in 
renal stones as a part of the protein or peptide 
portion of the molecules of the organic matrix 
(Boyce [39]), as shown by chromatographic 
analysis of stone matrix hydrolyzed with 6 N 
HCl for twenty hours in a sealed tube at 100°c. 
Glycine may also be obtained by hydrolysis of 
xanthine stones |24|. The mild conditions under 
which the glycine could be extracted from the 
stone obtained from our patient S. R. indicate 
that it was present In non-protein or non-peptide 
form. Furthermore our patient had no xan- 
thinuria. The observation that the glycine was 
released only after extraction with dilute hydro- 
chloric acid indicates that the glycine was 
either absorbed to one of the constituents of 
the stone or present in a chemical form from 
which glycine was released by this treatment. 
That this is a special feature of this specific stone 
is shown by the failure to obtain glycine by acid 
extraction at room temperature from ten random 
oxalate stones which were obtained from patients 
suffering from nephrolithiasis. 

The cause and significance of the presence of 
glycine in the oxalate stone are not understood. 
It is possible that the amino acid was secondarily 
included in the stone which bathed in urine of 
excessively high glycine concentration. An at- 
tempt to obtain glycine by similar treatment of a 
random oxalate stone, soaked for thirty-six hours 
in the urine of patient S. R. with excessive 
glycine excretion, was negative. 

Whether or not the increased glycine con- 
centration of the urine played a role in the forma- 
tion of the oxalate stone is not known. A meta- 
bolic pathway from glycine via glyoxylic acid to 
oxalic acid has been demonstrated in rat liver 
homogenates by Weinhouse [73]. The possibility 
was considered that oxalic acid was formed from 
glycine; for instance, in the renal tubular cells or 
by bacteria in the urinary tract. However, no 
evidence for such a mechanism was found in 
our patient, as oxalic excretion was not increased 
and no glyoxylic acid was demonstrated in the 
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urine. It would be of great interest to analyze the 
stone of the patient’s sister (B. D.) for the pres- 
ence of glycine; however, this must wait until 
she passes the stone or an indication for surgical 
intervention supervenes. 

The association of this hereditary amino- 
aciduria with nephrolithiasis prompts a compari- 
son with cystinuria, hitherto the only other 
known aminoaciduria associated with nephro- 
lithiasis. Many differences stand out however. 
Cystinuria is not infrequent [40], while heredi- 
tary glycinuria must be very rare,. considering 
the fact that glycinuria as a single hereditary 
aminoaciduria has not been previously reported, 
although chromatographic urine examinations 
are widely performed. While cystinuria in most 
cases is inherited through a recessive gene [47], 
the glycinuria described here apparently has a 
dominant pattern of inheritance. Furthermore, 
while urinary calculi in cystinuric patients are 
composed mainly or exclusively of cystine [42], in 
the present case of glycinuria the stone was com- 
posed mainly of oxalate and its glycine content 
was very small. Finally, the mechanism responsi- 
ble for the presence of non-protein glycine in the 
stone must be completely different from that 
acting in cystine stone formation. While cystine 
stone formation is due to precipitation of cystine 
from supersaturated urine [43], the urinary 
glycine concentration in the glycinuric patient 
remained far below the saturation level of this 
amino acid. 

SUMMARY 

Excessive urinary glycine excretion was found 
in four members of a family and was associated 
in three members with nephrolithiasis. 

The glycinuria was due to a renal mechanism. 
Failure to reabsorb glycine was not associated 
with defective reabsorption of other amino acids 
or of phosphate or glucose. 

A kidney stone obtained from one of these 
patients was composed mainly of calcium oxalate 
and contained a small amount of glycine present 
in non-protein, non-peptide form. 
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Renal Clearance of Lysine in Cystinuria’ 


Pathogenesis and Management of This Abnormality 


DOOLAN, M.C., U.S.N., H. A. HARPER, M. E. 


HUuTCHIN, A.B. 


and KE. L. ALPEN, PH.D.{ 
Oakland, California 


n the past decade three groups of investigators 
l employing the analytic methods of micro- 
biologic assay |/7|, column [2] and paper [J) 
chromatography have demonstrated that the 
urine of subjects with cystinuria contains exces- 
sive amounts of three other amino acids in addi- 
tion to cystine, namely, lysine, arginine and 
ornithine. Genetic evidence accumulated by 
Harris and Warren [4] indicates that cystinuria 
may be inherited in either an homozygous 
or heterozygous form. In the latter event, smaller 
amounts of the amino acids are excreted but the 
quantity of cystine is usually large enough to give 
a positive nitroprusside test and perhaps to 
explain the high incidence of cystinuria of ap- 
proximately ! per 500 healthy young adults 
reported by Lewis [5]. The limited solubility of 
cystine is a factor in the only important com- 
plication that has been recognized, cystine 
calculi. Fortunately renal calculi do not 
develop in all afflicted individuals. The calculi 
are usually unilateral but may be bilateral and in 
either event are particularly prone to recurrence. 

Dent and his colleagues, who have contributed 
a great deal to the knowledge of this subject, 
have recently presented evidence that the defect 
in cystinuria is not in the nature of a generalized 
disturbance of amino-acid metabolism but rather 
one of impaired renal tubular reabsorption of 
these particular amino acids [6]. Utilizing 
polarographic analysis as a means of measuring 
plasma and urinary cystine, Dent et al. [7] made 
the interesting observation that the clearances of 
cystine and inulin, determined simultaneously, 
were identical. Since, in cystinuria, the essential 
amino acid, lysine, is usually excreted in larger 
amounts than cystine, studies were undertaken to 


determine the extent of the tubular reabsorptive 
defect relevant to lysine. In addition, certain 
other studies on the excretion of glycocyamine 
and the effect of diet on the excretion of cystine, 
lysine and arginine have been performed. ‘The 
results obtained in these and earlier studies of 
the renal clearances of individual amino acids in 
normal subjects |&,9] as well as the observations 
made by others in various aminoacidurias, 
provide the basis for the discussion which follows. 


METHODS 


The plasma and urinary concentrations of the in- 
dividual amino acids were determined microbio- 
logically [70]. This method gives values for the 
twenty-four-hour excretion of lysine by normal sub- 
jects which tend to be somewhat lower but in the same 
general range as those values reported by Stein who 
utilized the method of column chromatography [7/7]. 
In thirty-five normal subjects the plasma concentra- 
tion of lysine was determined to be 3.2 + 0.64 mg. per 
100 ml. ‘This value, on a basis of a multiple comparison 
procedure |/2]|, is not significantly different from those 
reported by other investigators who employed differ- 
ent methods of analysis or deproteinization | 73-77}. 

Deproteinization was accomplished with heat and 
aceuc acid or by ultrafiltration. Separate studies have 
revealed no significant difference in the values for 
lysine obtained on the same plasma specimen de- 
proteinized by these two methods, although the 
ultrafiltrate values tend to be slightly lower. With 
other individual amino acids, notably cystine, recov- 
eries from plasma are satisfactory but the heat-acetic 
acid filtrates give fasting values which are signifi- 
cantly higher than those obtained with other methods 
of deproteinization. These observations have raised 
the problem of protein-binding as well as that of the 
best means of deproteinization for analysis of individ- 
ual amino acids; these matters, therefore, are being 


* From the Metabolic Research Facility, U. S. Naval Hospital, Oakland, California. The opinions or assertions 
contained herein are the private ones of the authors and are not to be construed as official or reflecting the views of the 
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further investigated. Stein and Moore and Dunn et al. 
have recently commented on the problem of de- 
proteinization [{/3,/8|. For these reasons and because 
of the improbability of renal synthesis of an essential 
amino acid, only the clearance data on lysine are 
presented at this 

Seven studies were performed in four patients in 
whom the diagnosis of cystinuria was clearly estab- 
lished: D. G. (age, forty-four years; height, 157.5 cm.; 
weight, 88.6 kg.); N. F. (age, twenty-two years; 
height, 168.9 cm.; weight, 65.9 kg.); W. F. (age, 
thirty-seven years; height, 174.0 cm.; weight 54.1 
kg.); and R. P. (age, twenty-five years; height, 172.7 
cm.; weight, 61.1 kg.). The only female subject, D. G., 
had a calculus in the right kidney. No radiographic 
evidence of calculi was obtained in the other subjects 
at the time these studies were performed although all 
had had proved cystine stones at some time in the past. 

The glomerular filtration rate (GFR) was measured 
by means of inulin clearance as previously de- 
scribed [8]. In one of the studies on subject D. G., after 
three control periods a ten per cent solution of free 
amino acids was infused at 3.4 ml. per minute and 
three additional collection periods were obtained. 
In subject N. F. a similar test was performed substitut- 
ing a 1.0 per cent solution of L-lysine for the amino 
acid solution. The lysine was administered at a rate of 
6.0 ml. per minute. Initially, 100 ml. of the solution 
being studied was administered and twenty minutes 
were allowed for equilibration. ‘The exact composition 
of the 10 per cent solution of amino acids (lot B-27) * 
has been reported [8]. The statistical analyses of the 
data were made by means of standard f-test tech- 
nics [79]. 

In three patients with cystinuria and in six normal 
subjects, three females and three males, the excretion 
of glycocyamine was measured. The subjects drank 
200 ml. of water hourly and an accurately timed six- 
hour specimen of urine was collected. On the follow- 
ing day the subjects drank a glass of tomato juice to 
which had been added 7.0 gm. of arginine hydro- 
chloride, and a glass of grape juice containing an 
equimolar amount (2.5 gm.) of glycine. The same 
experimental protocol was then followed as on the 
previous day. In this way each individual served as 
his own control. The diet ingested was the same on 
both days during the test period. After removal of the 
arginine by permutit [20], the glycocyamine was 
measured colorimetrically by the method of Sims [27]. 


RESULTS 


Plasma Concentration of Lysine and Glomerular 
Filtration Rate in Cystinuria. The average of 
seven determinations of the fasting plasma lysine 
concentration in the four subjects was 2.4 + 
0.56 mg. per 100 ml. compared with the normal 
value of 3.2 + 0.64 mg. per 100 ml. This suggests 


* The amino acids solution used in these studies was 
generously provided by Merck & Company, Inc. 
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that the plasma concentration of lysine is lower 
in patients with cystinuria than in normal sub- 
jects but the studies will have to be extended to 
prove significance at an acceptable level of 
confidence. Dent and his associates have demon- 
strated that the plasma concentration of cystine 


TABLE I | 
GLOMERULAR FILTRATION RATE IN PATIENTS WITH 
CYSTINURIA 


Period 
Surface 
Subject Control Load Area 
M? 
1 2 3 4 5 6 
D.G 78 | 75 70 87 | 75 | 68 1.89 
N. F. 106 | 106 | 104 | 102 | 96 86 i. 
W. F. 106 103 104 1.65 


Note: All measurements in control and load periods 
in ml./min. 
* Incomplete urine collection. 


‘TABLE 
ENDOGENOUS CLEARANCE AND PER CENT REABSORPTION OF 
LYSINE IN SUBJECTS WITH CYSTINURIA 


Clearance Reabsorbed 

(ml./min.) (%) 

D.G 41.8 43.3 

D.G + | 28.5 

N. F. | 48.8 : 53.6 

N. F. | 53.7 | 53.0 

W. F 44.6 | 53.5 

W. F 68 .8 | 34.4 

79.0 | 37.0 


is lower in patients with cystinuria than in nor- 
mal subjects [7]. 

When the values for glomerular filtration rate, 
listed in Table 1, are corrected for surface area, 
it will be seen that the GFR was normal in sub- 
jects R. F. and N. F., slightly reduced in W. F. 
and definitely reduced in D. G. This latter pa- 
tient (D. G.) also had a proportionately reduced 
renal plasma flow. These results are such as one 
might anticipate, namely, that cystinuria, per se, 
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TABLE Ill 
PLASMA CONCENTRATION, FILTERED LOAD AND EXCRETION VALUES OF INDIVIDUAL AMINO ACIDS DURING 
EXPERIMENTS IN SUBJECTS D. G. AND N. F. 


Filtered Load t Excretion Tf 


Plasma Concentration * 


Subject and 
Amino Acids 


Period after Loading Period after Loading 


Fast- Fast- ast- 
ing ingt ing 
2 3 | 1 2 3 1 2 3 


Subject D. G.: 


ee 
Or 
w 
CO 


L-alanine...... 4.8 |: 4.27 | 4.12] oil 0.26 0.07 | 0.07 
(10.7 10.6 10.2 9.8 | 6.59 9.28 | 7.86 | 6.83] 0.13 | 0.42 0.3% | 9.33 
Glycine. .... .. 1.9 15.2 14.2 15.6 16.0} 1.45] 12.7 | 11.0 |10.6 | 0.24 
| 4.8 4.8 4.9  5.4]1.29 | 4.16 | 3.66} 3.43} 0:11} 1.27 10 | 1.02 
| 7.6 $8.0 8.6 6.72: | 6.44 | 0.02 0.10 0.09 0.06 
34.4 24.2 9.10 9.21 | 8.92) nil 0.08 0.07 O06 
L-methionine 4.6 4.8 | 0.3 3.20 |} 3.16) nil 0.14 0.11 0.09 
L-phenyl- | | | 
alanine.......0.98 | 3.6 4.0 5.0 3.49 3.22 | 3.43| 0.01 0.09 | 0.09 | 0.07 
L-proline...... 2.86 | 2.66 | 2.47} nil 0.13 | 0.11 | 0.10 
3.6 | 1.34 2.95 | 2.54] 2.49] 0.02 0.46 | 0.35 0.32 
| 7.2 6.9 2.98 6.16 | 5.32 | 5.31] 0.05 0.77 1. 0.72 
L-tryptophan....0.9 | 2.0 2.1 2.0 2.4/0.69 |] 1.78 | 1.51 1.43 0.01 0.05 0.05 | 0.04 
.. ..11.3 2.0 24:0 39.93 | 0.03 0.03 | 0.02 


Norte: Figures in parentheses represent glomerular filtration rates. 
* Measurements are in mg./100 ml. 
+ Measurements are in mg./min. 


t Fasting values are means of three collection periods. 
3 Plasma amino acid concentrations were determined at the beginning and end of each period. 


has no effect on renal hemodynamics, any 
changes therein being secondary to the complica- 
tions of calculi and infection. 

Endogenous Tubular Reabsorption of Lysine and 
Response to Load. In normal subjects the endog- 
enous clearance of lysine is less than 1.0 ml. 
per minute and the tubular reabsorption is 
virtually complete (>99 per cent) in the fasting 
state [8], whereas in patients with cystinuria the 
endogenous clearance approximates 55 ml. 
per minute and the per cent of reabsorption Is in 
the order of 45. (Table 11.) 

Although the actual concentrations measured 
are low, the calculated amount reabsorbed is 
significantly different from zero (fp < .05). The 
true magnitude of the reabsorption is subject to 
some question, however, because the concentra- 
tions approach the limits of sensitivity of the 


analytical methods employed. The mean valuc 
for the ratio of clearance lysine clearance inulin 
is 0.56 with a range of 0.47 to 0.71. Since the 
ratio does not approximate unity in any of the 
experiments, the results are interpreted as in- 
dicating that some reabsorption of lysine does 
occur, probably in the order of 1.0 mg. per 
minute. 

The results obtained in the loading studies 
performed on subjects D. G. and N. F. are 
presented in ‘Table m. ‘The tubular reabsorption 
of alanine, glutamine, glycine, histidine, iso- 
leucine, leucine, methionine, phenylalanine, 
proline, serine, threonine, tryptophan, tyrosine 
and valine is normal! both in the fasting state and 
under load. When the plasma concentration of 
lysine was increased, no significant quantity of 
the added amount filtered was reabsorbed and 
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the values obtained for the ratio of clearance 
lysine/clearance inulin are 1.02 (D. G.) and 
0.92 (N. F.).* The clearance of lysine under 
load, therefore, approaches the inulin clearance. 

Excretion of Glycocyamine. Both the normal 
subjects and the patients with cystinuria showed 


TABLE IV 
EXCRETION OF GLYCOCYAMINE BEFORE AND AFTER 
ADMINISTRATION OF ARGININE AND GLYCINE IN 
NORMAL SUBJECTS AND IN SUBJECTS WITH 


CYSTINURIA 
Load 
Subjects ( ome Arginine and Glycine 
(mg./6 hr.) 
| Normal Subjects 
Cc. | 40.2 | 84.5 
BE. M. | 26.8 | 72.8 
22.0 | 42.0 
Mm 16.0 | 56.6 
V.G. | 36.6 78.2 
E. S. | FA | 112.0 
| | 
Subjects with Cystinuria 
| 
W. F. 8 | 130.0 
51.0 | 93.3 
D. G. 49 | 62.8 
| 


an increase in glycocyamine excretion after the 
administration of equimolar amounts of arginine 
and glycine. (Table 1v.) The somewhat smaller 
response made by subject D. G. may have been 
due to the reduced renal plasma flow. 


COMMENTS 


Conditions Assoctated with Aminoaciduria. 
Aminoaciduria has been reported in association 
with the De Toni-Fanconi syndrome [22-24], 
Lowe syndrome [25,26], kidney disease [27-29], 
Wilson’s disease [30,37], liver disease [32,33], H. 
disease [34], rickets [35], galactosemia [36,37], 
ascorbic acid deficiency [38], lead and ‘‘Lysol’’ 
poisonings [39,40], postoperatively [47], in burns 
[42,43] and in patients with progressive muscular 
dystrophy [44]. It has been produced in experi- 
mental animals by maleic acid [45], uranium 
poisoning [46] and vitamin E deprivation [47]. 
One may continue to anticipate, until more 
precise information on the factors governing 

* The value for the GFR (86) in the third period under 


load in N. F. is undoubtedly low. If this period is omitted 
clearance lysine _ 0.97 


clearance inulin 


the ratio 
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normal amino-acid transport is available, that 
postulations as to common denominators under- 
lying the aminoacidurias and other abnormali- 
ties encountered in this panorama of pathology 
will remain purely speculative. It is instructive, 
however, to comment at this time on certain 
observations and on some of the experimental 
data which have been collected and which are 
especially relevant to the aminoaciduria of 
cystinuria but of indirect or inferential signifi- 
cance in other aminoacidurias. 

Individuating Features of Cystinuria. Among the 
aminoacidurias, cystinuria has certain indi- 
viduating features. Only four amino acids— 
cystine, lysine, arginine and ornithine—are 
excreted in excessive amounts. The mechanism 
responsible for the increased excretion is differ- 
ent from that encountered in either the histidi- 
nuria of pregnancy, which is due primarily to an 
increase in glomerular filtration rate [48], or that 
of phenylketonuria [49], which is, in a sense, 
another “‘overflow’’? aminoaciduria due to the 
high plasma levels resulting from the inability 
to convert phenylalanine to tyrosine. The 
quantities excreted in cystinuria are much 
greater than those reported in other amino- 
acidurias [23,26,27,30,31,38,41,42|. The magni- 
tude of the losses are such that they obviously 
cannot be explained on a basis of a population 
defect relegated to a small number of inactive 
nephrons such as has been postulated in the 
Fanconi syndrome [28]. Despite the gravity of 
the losses of these amino acids, one of which is 
essential and all of which are important in nor- 
mal metabolism, the patient with cystinuria 
suffers no serious or readily apparent nutritional 
consequence.* Finally, and of considerable 
importance, is the finding that on loading with 
lysine no significant additional amount is 
reabsorbed. In preliminary studies with arginine, 
similar results have been obtained [52].f These 


* Despite the fact that the average American dict 
provides these amino acids in amounts sufficient to cover 
the urinary losses and requirements for nitrogen equilib- 
rium [50,57], the absence of apparent nutritional com- 
plications remains somewhat surprising in view of the 
rapid and large diversion of these amino acids into the 
urine. Cystinuria suggests itself as an interesting condition 
in which to study protein and amino-acid metabolism, 
particularly during periods of protein deprivation. 

Tt On the basis of these studies of arginine clearance and 
the measurements that have been made of the amounts 
excreted, it seems justifiable to consider the tubular 
transport defect relevant to arginine as quantitatively 
similar to that of cystine and lysine. There is very little 
information available on ornithine reabsorption. 
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TABLE V 
EXCRETION OF CYSTINE, ARGININE, LYSINE AND ORNITHINE IN NORMAL SUBJECTS AND IN SUBJECTS WITH 
CYSTINURIA 
| | 
Normal Subjects Subjects with Cystinuria 
| 
Amino Acid Roegerageo Stein [77] | Hier [54] | Authors | Stein [2] Dent et al. [7] 
Mean Mean | Mean Mean S.D.* | Mean_ S.D. Mean 5&.D. 
7 | | 
| 0.055 0.010 | 0.065 | 1.21 20.41 | 0.73 + 0.24 0.86 + 0.27 


Nore: All measurements in gm./24 hours. 
*S.D. = standard deviation. 


observations are in sharp contrast to those which 
have been made in the aminoaciduria of nephro- 
sis [27], chronic renal disease [28], Wilson’s 
disease [30], De Toni-Fanconi [26,28] and the 
Lowe syndromes [26]. In those conditions, as the 
filtered load is increased both the amounts of 
amino acids reabsorbed and excreted are in- 
creased, and in this respect the tubular response 
is not qualitatively different from that observed 
in normal human subjects [8,9]. 

Tubular Reabsorption of Cystine, Lysine and 
Arginine in Cystinuria. The quantities of the 
individual amino acids excreted in cystinuria are 
presented in Table v. It is not possible to com- 
pare the values found by the individual investi- 
gators because of variations in renal function 
among the patients studied and the different 
analytical methods employed. From these 
measurements of the amounts excreted (Table 
Vv), a knowledge of the plasma concentration of 
these amino acids, and the results of the clear- 
ance studies performed with lysine and cystine, 
it appears to be clearly established that the 
tubular reabsorption of the involved amino acids 
in cystinuria is either minimal or, for practical 
purposes, non-existent. The limitations in the 
precision of available analytical methods, as well 
as in that of measuring glomerular filtration rate, 
are such as to prevent one from being more 
specific. 

An Explanation for the Tubular Defect. An 
explanation for this finding may be that in the 
homozygous form of cystinuria the tubular 
transport system or systems are present in only 


trace amounts while in the heterozygous form 
it or they are present in less than normal 
amounts. The transport mechanism in_ the 
former case is slow and easily saturated and its 
limited capacity is exceeded even in the fasting 
state. [he transport system may be of the mem- 
brane carrier type wherein entrance into the cell 
is contingent upon the formation of a complex 
|55]; and since the carrier component is deficient, 
the low penetrability of the actively reabsorbed 
amino acids is evidenced in their increased 
excretion. Any reabsorption of lysine in cysti- 
nuria is accomplished by an active process; 
diffusion plays no role of significance since load- 
ing disclosed no detectable change in the amount 
reabsorbed. The t-forms of amino acids are 
normally reabsorbed by a system of active or 
uphill transport; whether or not there is any 
component of passive diffusion has not been 
evaluated. Since substances which are actively 
transported frequently have a low or minimal 
cellular penetrability [55], the results obtained 
with lysine-loading in cystinuria would indicate 
that reabsorption of the L-forms is exclusively 
active. This is an extremely interesting observa- 
tion since the transport systems for cells of other 
tissues include a component of diffusion [56]. 
Further studies by Christensen and Riggs indi- 
cate that the manner in which amino acids 
chelate is closely connected with the manner in 
which they are transported [57]. A variation, 
therefore, of what might be essentially the same 
hypothesis is the suggestion that the involved 
amino acids are not reabsorbed in significant 
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amounts because normally they are chelated in 
some special way and in cystinuria this step can- 
not be performed. 

Normally, the tubular reabsorption of the 
D-isomers of alanine and methionine is less com- 
plete than that of the L-forms and these findings 
have been interpreted as indicating that the 
b-forms are reabsorbed by a process of passive 
diffusion [8,58]. In analyzing the data published 
in one of these investigations [58] the effect of 
urine flow cannot be evaluated but it can be 
shown that with increasing filtered loads the per 
cent reabsorption decreased strikingly. ‘This is 
not consistent with an exclusively passive dif- 
fusion process and the data can as well be in- 
terpreted as indicating that the p-forms have a 
weaker affinity for the transport mechanism. 
Clearance studies are not the ideal experimental 
system for investigating diffusion, for only that 
which goes in and comes out of the tubule is 
measured, and the point at issue is what goes 
through when the concentrations on either side 
of the membrane are altered. The problem of 
analytical accuracy in available methods of 
measuring the D-isomers is an additional difh- 
culty in studying this specific matter. If passive 
diffusion has a significant role in reabsorption, 
one might speculate that in cystinuria the 
p-forms would be reabsorbed to a greater extent 
than the L-isomers. Unless the two isomers are 
reabsorbed by entirely different mechanisms, 
which is unlikely, it is improbable that any p-ly- 
sine would be reabsorbed on loading, for none of 
the L-form was reabsorbed under these circum- 
stances and passive diffusion is independent of 
stereoisomerism. The findings of Dent and others, 
that the tubule in cystinuria is unable to re- 
absorb cystine in either isomeric form, is com- 
patible with this reasoning [7]. 

During loading with a mixture of amino acids 
in normal subjects the excretion of cystine is in- 
creased in the absence of any significant change 
in filtered load [8,9]. This is interpreted as an 
example of competition for reabsorption but 
whether other amino acids or metabolites are 
the successful competitors has not been deter- 
mined. Another possible explanation, therefore, 
for the findings in cystinuria is that normally the 
reabsorptive system is shared by the involved 
and non-involved amino acids or their metabo- 
lites; and these latter substances, for one 
reason or another, have a greater affinity for the 
system in cystinuria—thus blocking the re- 
absorption of the involved amino acids. Al- 
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though this may be a factor in the case of cystine, 
it appears less likely to be an important factor 
in the case of lysine or arginine, for in normal 
subjects the reabsorption of these amino acids 
remains quite complete even in the presence 
of a very high filtered load of a mixture of amino 
acids [9]. On this basis alone one would expect 
increased excretion of other amino acids if im- 
pairment of a shared mechanism were an impor- 
tant factor in cystinuria. 

One possible additional explanation for the 
findings in cystinuria which should be men- 
tioned is that the involved amino acids are 
complexed or modified in such a way as to render 
the tubular cells impermeable. Brand et al. sug- 
gested, on a basis of some observations made with 
the Sullivan reaction and the partitioning of 
sulfur in the urine of patients with cystinuria, 
that cystine was excreted as a complex which was 
thought to be a peptide or simple protein [59]. 
Strong evidence against this particular possi- 
bility is the absence of any significant change in 
the quantities of cystine, lysine and arginine in 
the urine of cystinuric subjects after hydrolysis 
[7,2]. One might speculate, however, that the 
complexing is with some unknown or as yet un- 
identified substance. Although there is no direct 
evidence to the contrary, this seems unlikely; 
for the x-substance would have to be absent in 
normal subjects and present in virtually un- 
limited amounts in the patient with cystinuria in 
order to prevent, as it does, any significant 
reabsorption of lysine on loading. Also, in pre- 
dicating this x-material the question arises as to 
whether the defect in cystinuria is in the filtrate 
or in the tubules. 

Tubular Metabolism and Glycocyamine Excretion; 
Implications. Another observation made in the 
present studies which is worthy of comment is the 
finding of an increased excretion of glycocyamine 
following the administration of glycine and 
arginine to patients with cystinuria. (Table tv.) 
Borsook and associates have shown that the 
kidney performs the transamidination reaction 
whereby glycocyamine is synthesized from argi- 
nine and glycine [60,67]. The reaction was not 
observed to take place in any other organ or 
tissue in any of the animals studied. If one grants 
that this reaction takes place in the tubular cells 
and that the luminal surface of these cells is 
virtually impermeable to arginine in cystinuria, 
then the implication to be drawn from these 
results is that other sources of guanidyl groups 
are available for the reaction or that the trans- 
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port mechanism for arginine is different on the 
vascular and luminal surfaces of the cell. 
Considerations in Management and Treatment. In 
the light of this recent information concerning 
the pathogenesis of cystinuria a few comments on 
the complication of renal calculi are relevant. An 


TABLE VI 
EFFECT OF DIET AND A METHYL DONOR ON EXCRETION OF 
AMINO ACIDS IN SUBJECT (N. F.) WITH CYSTINURIA 


Day | Diet | Arginine Cystine | Lysine 
| | | 
3 | Rice alone | 
3 | Rice and betaine 0.60 0.92 1.55 
5 | High protein 1.50 eitl 


Nore: All measurements in gm./24 hours. 


important but not the sole factor in the develop- 
ment of renal calculi is the insolubility of cystine 
and prime desiderata in management, therefore, 
are to decrease cystine excretion or to render it 
less likely to precipitate. Decreasing excretion 
could, in theory, be accomplished by increasing 
its tubular reabsorption or by decreasing the 
dietary intake. It would seem quite unlikely that 
reabsorption could be increased over a transport 
system which is congenitally absent or present in 
only trace amounts and attempts aimed at the 
specific tubular defect appear, therefore, to hold 
little promise of success. One may predict, on the 
other hand, that dietary restriction will decrease 
excretion to a minimal level for, in the absence 
of any significant tubular reabsorption, cystine 
excretion is a function of plasma level. Since the 
urinary cystine is derived primarily from 
methionine, the supplementation of a diet low in 
methionine with a methy! donor such as betaine 
might further decrease the cystine excretion 
by decreasing the conversion of methionine to 
homocysteine. In Table v1 the results of some 
dietary studies are presented. [The patient, after 
collecting a control urine, was given a rice diet 
for six days, on the last three days of which he 
ingested 20 gm. of betaine daily. On the third 
and sixth day the urine was collected and the 
amino acids measured. Following this he was 
given a diet containing 150 gm. of protein, for 
five days, and urine was collected on the fifth 
day. It will be noted that the excretion of all 
three amino acids decreased on the low protein 
diet and that the values for cystine and lysine 


returned toward those of the control specimen on 
the high protein diet. The decrease in cystine 
excretion which can be achieved by dietary 
restriction and a knowledge of the relatively 
minute amounts of methionine (1.0 to 2.0 gm.) 
normally needed to maintain nitrogen balance 


TABLE vi 
SOLUBILITY OF CYSTINE IN WATER AND IN URINE WITH 
AND WITHOUT ADDED LYSINE PLUS ARGININE 
(ROOM TEMPERATURE) 


Cystine Solubility 


Control | Lysine plus Arginine 


2.0.7 22.6 


Nore: All measurements in mg./100 ml. 


[62] are facts which should not be neglected in 
therapy, particularly in those patients with com- 
pensated renal function. In the present study the 
administration of betaine was of no additional 
advantage in decreasing cystine excretion. 
Others using choline as the methyl donor have 
had a similar experience [63,64]. 

The prime intention of current therapy is to 
minimize the opportunity for cystine precipita- 
tion by ‘‘round the clock” alkalinization and 
maintenance of a dilute urine. Due attention 
should always be given to the possibility of in- 
fection, particularly with urea-splitting organ- 
isms. The solution suggested by Eisenberg et al. 
appears to be a satisfactory and well tolerated 
form of alkali therapy [65]. It is interesting to 
note that the solubility of cystine in normal 
urine is greater than in water and that the addi- 
tion of lysine and arginine to the water solution 
increases cystine solubility but has no apparent 
effect on the solubility in urine. (Table vu.) 
It would appear that factors other than mutual 
amino-acid solubility are the more important 
determinants of cystine solubility in urine. Meas- 
ures directed at rendering the physicochemical 
environment less conducive to precipitation by 
altering the protective colloidal content of the 
urine or by prevention of nidus formation deserve 
further investigation. 


SUMMARY 


Cystinuria is an inherited abnormality in 
which unusually large amounts of cystine, lysine, 
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arginine and ornithine are excreted in the 
urine, 

Simultaneous measurements of the inulin and 
lysine clearances indicate that in the fasting state 
a very small amount of lysine is reabsorbed from 
the glomerular filtrate. ‘The renal tubules are 
unable to reabsorb any additional amount and, 
on loading with lysine, their clearance value 
approaches that of inulin. A suggested explana- 
tion for this tubular defect is that in the homozy- 
gous form of cystinuria the transport system is 
present in only trace amounts. The transport 
system may be of the membrane carrier type and 
its limited capacity is exceeded even in the fast- 
ing state. Any reabsorption which does occur is 
accomplished by an active mechanism and pas- 
sive diffusion plays no role of significance. 

Patients with cystinuria respond normally to 
the administration of glycine and arginine in 
that the excretion of glycocyamine is increased. 

Therapeutic efforts directed at the specific 
tubular defect appear to hold little promise. The 
decrease in cystine excretion which can be ac- 
complished by dietary restriction should not be 
neglected. The addition of a methyl donor to 
a restricted dietary intake offers no additional 
advantage. Measures directed at rendering the 
physicochemical environment less conducive to 
precipitation deserve further study. 
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Marfan’s Syndrome’ 


A Report of Three Patients with Aneurysm of the Aorta 


Evias G. Pappas, M.D.,— DANIEL MASON, M.D. and CLARENCE DENTON, M.D. 
Philadelphia, Pennsylvania 


His syndrome was first reported by Mar- 

fan [7], in 1896, as ‘‘pied d’aragne”’ (spider 
feet) and now bears his name. In 1902 Achard 
'2|, because of the spider-like appearance of the 
extended fingers, called it arachnodactyly. He 
also was the first to report the familial occurrence 
of this disease. Since that time over 350 cases 
have been reported, particularly in the French 
and German literature. 

Piper and Irvine-Jones |3! first brought this 
syndrome with its frequently associated congeni- 
tal malformations of the heart to the American 
literature. Bear, Taussig and Oppenheimer 
'4], in 1943, described aneurysmal dilatation 
of the aorta in two adults. Rados [5] reviewed 
the literature through 1939 and_ published 
a comprehensive report on 211 cases in 
1942, describing ten patients with eye involve- 
ment, mainly ectopia lentis. This was first 
included in the syndrome by Boerger [77]. 

The syndrome is characterized clinically by an 
abnormal lengthening and thinning of the fingers 
and toes, as well as of the long bones, a promi- 
nent long palate, relaxation of the ligaments, loss 
of subcutaneous fat, poorly developed hypotonic 
musculature, asthenic body build, a_ dolli- 
chocephalic head with old-appearing features, 
kyphosis, funnel shaped chest, and subluxation 
of the lens of the eye. Forty-six per cent of 
patients with this syndrome have cardiac 
abnormalities such as a septal defect, valvular 
lesions or aneurysm of the aorta. ‘These cardiac 
lesions may simulate rheumatic heart disease, or 
rheumatic valvular lesions may be superimposed. 
Pulmonary anomalies (abnormal lobation, con- 
eenital cystic disease) are frequent [70]. Some 
patients do not show the typical picture of the 
syndrome, and a forme fruste may be present. The 
familial incidence of the disease is well known. 


Lutman and Neel [6] reported that in a kinship 
of forty persons seventeen members probably had 
Marfan’s syndrome, but that there was great 
variability in expression of the syndrome in the 
various members of the family. Black and 
Landay [7] reported Marfan’s syndrome in a 
mother and four children. 

The following three patients with aneurysmal! 
dilatation of the ascending limb of the aorta 
emphasize the fact that this finding, as well as 
dissecting aneurysm of the aorta, is a serious 
complication of Marfan’s syndrome. It fre- 
quently causes death in the adult patient by 
producing marked aortic insufficiency and 
congestive heart failure. 


Case 1. ‘This thirty-two year old white man (J. A.) 
was admitted to the hospital on April 28, 1955, with 
symptoms of congestive heart failure (shortness of 
breath, basal rales, hepatomegaly, peripheral edema 
and diastolic gallop rhythm). The patient had been 
in apparent good health until 1941 but since then 
gave a history of palpitation and cold sweats. A 
cardiac murmur was first discovered three years before 
this admission. In October, 1954, a cough developed, 
which was productive of small amounts of yellow- 
green sputum, and on one occasion he had a minimal 
amount of hemoptysis. ‘I'wo weeks prior to admission 
he noted increased cough, nocturnal dyspnea and 
edema of the ankles. He had dislocated lenses and had 
worn glasses for fifteen years. He had no history of 
rheumatic fever. 

The family history revealed that his mother was 
said to have had congenital heart disease; his daughter 
had dislocation of the eye lens. 

Physical examination revealed a well developed, 
well nourished, white man in moderately acute dis- 
tress. He had elongation of all extremities and fingers. 
The blood pressure was 130/40 mm. Hg. The heart 
rate was 80 per minute. Auscultation of the heart 
revealed a grade 3 early blowing decrescendo diastolic 


*From the Hahnemann Medical College and Hospital of Philadelphia, and Bailey Thoracic Clinic, Philadelphia, 
Pennsylvania. 
+ Fellow in Cardiology. 
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murmur in the aortic area, which was heard best 
along the left sternal border and was transmitted to 
the apex. The maximum apical impulse was palpated 
in the sixth intercostal space at the left anterior 
axillary line. There were numerous moist rales 
throughout both lung fields. 

The laboratory data were within normal limits. ‘The 
electrocardiogram showed left bundle branch block 
and digitalis effect. X-ray of the chest (Fig. 1) showed 
a grade 3 cardiac enlargement. The left ventricle was 
the most significantly enlarged portion of the heart. 
The ascending aorta was markedly and rather evenly 
dilated. It pulsated tremendously. 

The diagnosis of Marfan’s syndrome was made. The 
patient was discharged on July 6, 1955, with no 
evidence of cardiac failure, but a week later he was 
readmitted to the hospital with pain in the chest and 
symptoms of left heart failure. The electrocardiogram 
revealed a supraventricular tachycardia. The patient 
failed to respond to efforts to relieve his congestive 
failure, and he died on the tenth hospital day. 

The significant pathologic findings were as follows: 
The body was that of a thirty-three year old white 
man, well built and well nourished, weighing ap- 
proximately 180 pounds. No abnormalities were noted 
in the head. The chest was symmetrical, well ex- 
panded in all directions, and tympanitic. No lymph 
nodes were palpable in the axilla. The lower border 
of the liver was palpable three fingerbreadths below 
the right costal margin. The spleen was enlarged and 
was palpable one fingerbreadth below the left costal 
margin. Extremities were equal in length. There was 
hyperextension of the fingers at the interphalangeal 
and metacarpophalangeal joints on both sides. 

The mediastinum was occupied by a tremendously 
enlarged heart, roughly globular in shape which 
weighed 1,000 gm. The epicardium was smooth, 
glistening and transparent. On opening the cardiac 
chambers, both the right and left ventricles were 
dilated and their walls were thickened. The wall of the 
right ventricle measured 8 mm. in average thickness, 
and the wall of the left ventricle measured 22 mm. in 
average thickness. The entire heart was flabby, 
and multiple sections throughout the myocardium 
showed it to be a yellowish brown color. On examina- 
tion of the endocardium of the right ventricle, there 
were two bar-like, thickened, raised streaks measuring 
3 mm. in length. The endocardium of the left auricle 
was thickened and _ similarly showed transverse 
grayish white striations which were most marked 
above the mitral valve. The aortic ring was dilated. 
The cusps were soft and elastic, and no fusion at the 
commissures was noted. The aortic valve allowed four 
fingers to pass through. The mitral, tricuspid and 
pulmonary valves were normal. The circumferential 
measurements were as follows: tricuspid valve, 11 cm.; 
mitral valve, 9.2 cm.; aortic valve, 10.2 cm.; and the 
pulmonary valve, 6.8 cm. On taking multiple sections 
through the coronary arteries they were all found 
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Fic. 1. Case 1. X-ray of the chest. 


to be patent. The root of the ascending aorta revealed 
an aneurysmal dilatation measuring 7.5 cm. in trans- 
verse diameter. On opening the aorta the intima 
around the coronary orifices showed radiating scars 
and striations extending for approximately 3 cm. in all 
directions. The intima about this area also showed 
several yellow atheromatous plaques. A longitudinal 
tear measuring 4.2 cm. in length 2 cm. from the right 
coronary orifice in the intima was found. (Fig. 2.) 
The margins were sharp and widely separated, 
exposing the media beneath. Examination of the rest 
of the aorta showed scattered yellow atheromatous 
intimal plaques throughout. 

On microscpic examination, the epicardium 
showed accentuation of the mesothelial cells, and 
there was scattered lymphocytic infiltration, some of 
which involved the epicardial fat. The muscle fibers 
appeared hypertrophied, and there was increased 
space between the fibrils. There were local areas of 
increased fibrous elements replacing myofibrils. There 
was thickening of the endocardium, but the area 
adjacent to the myocardium was loose and almost 
cystic in appearance. The blood vessels showed only 
marked congestion. Section of a coronary artery was 
within normal limits but in the adjacent fat there 
was a small focal area of hemorrhage. The valves were 
normal. 

There was an aneurysm of the ascending aorta 
with a 4.2 cm. rent in the endothelium, but micro- 
scopically no rupture through the full thickness of the 
wall was noted. The aortic wall revealed fragmenta- 
tion of the elastic fibers and cystic medial necrosis 


- 
> 
> 


428 | Marfan’s Syndrome—FPappas et al. 


Fic. 2. Case 1. Aorta, showing tear in intima, A, above right coronary ostium, B. 
The apparent ridge around the left coronary ostium, C, is an artefact due to in- 
vagination of the aortic wall. 


fragmentation. 


(Fig. 3), which was most marked at the site of the 
rent. The normal parallel fibers were distorted due 
to areas of medial necrosis, some of these cystic, others 
with loose stroma showing basophilic changes. The 
vasa vasorum were congested and showed no en- 
darteritis obliterans. Congested vessels were also found 
in the media. 

The basic cause of death was the medial necrosis in 
the aorta, causing aneurysmal dilatation of the aorta 
and dilatation of the aortic ring with resultant cardiac 
failure due to aortic insufficiency. 


Cas—E u. This forty-five year old white male pa- 


Fic. 3. Case 1. Section of aorta, showing cystic medial necrosis and basophilic 


tient (I. K.) was admitted to the hospital on October 
4, 1955, with a chief complaint of pain in the left 
shoulder of six years’ duration. 

The patient was in good health until 1944 when 
subacute bacterial endocarditis developed. He was 
treated in a hospital with penicillin, and was dis- 
charged apparently cured. He was told that the in- 
fecting organism was a streptococcus. He had never 
had rheumatic fever. In 1949 the patient noted non- 
radiating pain in the left deltoid region. He described 
the pain as ‘‘a burning sensation’ which lasted for 
fifteen to thirty minutes at a time, and which came on 
while he was lying in bed. When the pain appeared he 
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Fic. 4. Case u. Photograph showing long feet and toes. 


would sweat and would notice an increased pulse 
rate. There was no cough or dyspnea associated with 
these attacks. Over the next two years the pain in- 
creased in intensity, frequency and duration. In 1953 
he first noticed that it radiated across the chest to 
the sternum. He also noticed at this time that exertion 
and emotional upset would bring on the complaint, 
although it continued to waken him at night. During 
the past year (1954) he had been taking nitroglycerin 
to relieve this pain, and the number of attacks had 
become less. ‘There were no other cardiac symptoms. 
In 1929 he had had dislocated lenses, and was oper- 
ated on for this. 

His father died of pneumonia at the age of sixty- 
nine with a coexistent mitral stenosis. One sister had a 
pneumonectomy for tuberculosis. His mother, sister 
and two sons are of the same build and have eye de- 
fects of an unknown nature. 

Physical examination on admission revealed a tall 
(78 inches), thin man who was very slender and had 
long arms and legs, with tapering fingers and toes. 
(Fig. 4.) Blood pressure was 180/33/0 mm. Hg in both 
arms. There was normal sinus rhythm, at a rate of 
84 per minute. A grade 3 blowing diastolic murmur 
was audible at the base, maximal in the third inter- 
costal space at the right sternal border. There was 
also a grade 2 blowing systolic murmur in the same 
area, and a faint blowing systolic murmur was heard 
at the apex. The point of maximal impulse was in the 
seventh interspace at the anterior axillary line. The 
liver was not enlarged. The lung fields were clear. The 
peripheral signs of aortic insufficiency were present. 
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Fic. 5. Case u. X-ray of the chest. Note enormous ascend- 
ing aorta (A). 


LEFT 


Fic. 6. Case u. X-ray of hands. 


The laboratory findings were essentially negative. 
The electrocardiogram revealed normal sinus rhythm 
with evidence of left ventricular hypertrophy and 
strain. X-ray examination of the chest (Fig. 5) showed 
marked enlargement of the left ventricle. The ascend- 
ing aorta was enormously dilated and showed a 
tremendous expansile pulsation. In the lateral view a 
funnel type deformity of the upper part of the body of 
the sternum was discernible. X-ray films of both 
hands demonstrated moderate elongation of the 
tubular bones, with no other structural abnormality. 
(Fig. 6.) 
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Fic. 8. Case u. Autopsy. Looking at aortic valve from above, showing dilated 
aortic annulus, and deep-lying sac-like valve cusps, with perforation in left coro- 
nary cusp (A). 


An attempt was made to treat the aortic insufh- 
ciency by placing a nylon ligature around the aortic 
annulus. Figure 7 shows the enormously dilated 
ascending aorta at surgery. However, ventricular 
fibrillation developed during the procedure and the 
patient died. 

The significant pathologic findings were as follows: 
The body was that of a thin, tall man weighing ap- 
proximately 160 pounds. There was a_ transverse 
thoracotomy incision which was recent. The eyes 
presented bilateral iridectomy scars. ‘The lens of 
both eyes could not be seen. Of interest were the 
extremely long, slender fingers and long toes. 

The heart weighed 1,200 gm. The pulmonary 


arteries revealed no thrombi or emboli. The epicar- 
dium presented some areas of fibrosis, and a few areas 
of hemorrhage which were probably due to cardiac 
massage. Examination of the valves of the heart 
revealed an insufficiency of the aortic valve and a 
greatly dilated aortic ring. The left coronary artery 
cusp presented a 3 mm. diameter opening in the edge 
of the cusp. (Fig. 8.) The aortic valve measured ap- 
proximately 5.5 cm. in diameter, the insufficient 
opening measuring 4.5 cm. on each side of the tri- 
angular orifice formed by the incompetent aortic 
leaflet edges. The tricuspid valve measured 4.5 cm., 
the mitral valve, 5 cm.; and the pulmonary valve, 
3.5 cm. in diameter. The myocardium of the right 
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ventricle measured 0.8 cm. in thickness, and the 
left ventricle, 2.2 cm. (Fig. 9.) There was gross evi- 
dence of hypertrophy and dilatation of both ventricles. 
The mitral valve was somewhat thickened and fibrotic 
but there were no nodules or calcification. No 
bacterial vegetations were noted on any of the valve 
leaflets, although the perforation in the aortic cusp 
may have been the residual of his bacterial endocardi- 
tis. [he coronary vessels showed a moderate degree of 
atherosclerosis but were patent throughout their 
entire length. Of note was the fact that the left 
coronary ostium was 2.5 cm. from the base of the 
sinus of Valsalva. 

The aorta presented a moderate degree of athero- 
sclerosis. At the base of the ascending aorta there was a 
transverse tear (measuring 1.5 cm.) 1 cm. from the 
bottom of the sinus of Valsalva, in that portion of the 
aorta which faced the left coronary aortic cusp. This 
tear was plugged with some oxycel. There was also a 
longitudinal tear in the posterior aspect of the pul- 
monary artery at the base, near the pulmonary valve 
cusps, which measured 3 cm. in length and was 
sutured. However, there was a right-angled tear 
about the midportion of this longitudinally sutured 
rent, which measured 0.5 cm. and freely communi- 
cated with the mediastinum. (These were surgically 
produced rents). The left and right pulmonary cusps 
were sutured together at the commissure. 

Sections revealed the endocardium to be thickened 
by fibrous tissue. The myocardium presented patchy 
areas of fibrosis replacing the muscle fibers which were 
hypertrophied. The muscle fibers appeared to be 
separated more than normally from each other by 
fibrous tissue. The blood vessels were normal. No 
Aschoff bodies were noted in the sections taken. 

The medial portion of the aorta showed disruption 
of fibers, cystic appearance, hyalinization and hemor- 
rhage. There was a small degree of lymphocytic 
infiltration in these areas. The vasa vasorum were 
congested but the vessels showed no_ pathologic 
changes. (Fig. 10.) 


Case mr. This forty-two year old white woman 
(D. L.) felt sudden onset of pain in the back of her 
chest six years ago; this was severe enough to require 
hospitalization. X-rays and spinal taps were negative. 
The pain disappeared in a few days and its cause was 
not determined. On July 1,1955 the pain recurred in 
the region of the left scapula. ‘The same night she had 
an attack of severe precordial pain, dizziness, nausea 
and shortness of breath. She was taken to a hospital 
where a diagnosis of pulmonary edema was made. 
Three weeks later, while recuperating, she had 
another attack of pulmonary edema. Because of 
these recurrent attacks and sharp pain in the chest, 
she was referred to The Mount Sinai Hospital, New 
York City, in January, 1956. Several tests were made, 
including cardiac catheterization. Needle pressures 
at that time were 74/44 in the right brachial artery, 
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Fic. 9. Case mt. Autopsy. Left ventricle cut open to show 
dilatation and hypertrophy. 


and 158/51 in the left brachial artery. A diagnosis of 
Marfan’s syndrome was made, complicated by a dis- 
secting aneurysm of the aorta, and severe aortic 
insufficiency with cardiac decompensation. The 
difference between the pressures in the right and left 
brachial arteries suggested that dissection of the aorta 
had occurred, partly obstructing the orifice of the 
innominate artery. In addition, she had congenital 
dislocation of the lenses, pectus excavatum, arachno- 
dactyly of mild degree and severe anemia. 

Physical examination revealed a forty-two year old, 
pale, white woman. Pectus excavatum of a mild 
degree was present. There were bilateral basal rales 
in the lungs. There was some increase in the paraspinal 
dullness. The heart was enlarged to percussion. Over 
the aortic area there was a grade 2 to 3 systolic mur- 
mur, which was transmitted to the vessels of the neck 
and heard over the entire precordium. This was 
followed by a grade 3 to 4 early blowing diastolic 
murmur which was transmitted along the left border 
of the sternum to the apex. There was a distinct 
systolic and diastolic thrill over the left sternal border. 
The blood pressure was 96/70 mm. Hg in the right 
arm, and 156/60/0 mm. Hg in the left arm. 

Except for a hemoglobin of 10 gm. per cent and 
hematocrit of 31 per cent, the routine blood and urine 
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Fic. 10. Case u. Section of aorta showing cystic medial necrosis and basophilic 
fragmentation. 


diagnosis of Martan’s syndrome, complicated by a 
dissecting aneurysm of the aorta, and anemia. Aortic 
insufhciency and congestive heart failure were also 


present. 

Attempts were made to treat the cardiac failure and 
anemia. Surgery for dissecting aneurysm was con- 
sidered inadvisable because of the associated problem 
of severe aortic insufficiency, and recommendations 
were made to continue on a medical regimen. As far 
as is known, the patient is still living. 


COMMENTS 


Although approximately 350 cases of Mar- 
fan’s syndrome have been reported, compara- 
tively few complete autopsy reports have 
appeared in the literature. Marvel and Genovese 
‘S|. in 1951, collected descriptions of twenty- 
eight necropsies and added one of their own. 
Cardiovascular lesions were found in twenty-six 
of these, including aortic aneurysms in fifteen. 
Eight of the aneurysms were of the dissecting 
variety. Left ventricular hypertrophy, which is 
usually associated with valvular disease, was 


Fic. 11. Case mr. X-ray of the chest. 


tests were normal. The electrocardiogram showed present in twenty cases. In sixteen patients there 
left ventricular hypertrophy and strain. Fluoroscopy were congenital cardiovascular malformations, 
and x-ray studies (Fig. 11) revealed a grade 3 en- often multiple. Detailed microscopic studies of 


largement of the heart, with a tremendous dilatation 
of the arch of the aorta which was thought to be due 
to a dissecting aneurysm. The left ventricle was 
markedly enlarged. The lung fields were congested, 
the costophrenic sulci were clear, and both hemi- 


the aorta are lacking in fifteen of the twenty-nine 
necropsy Cases. 

The present report describes three additional 
typical cases of Marfan’s syndrome, in two of 


diaphragms were mobile. which a complete autopsy was performed. 
The history, physical examination, electrocardio- There is, as yet, no proof of a common patho- 
gram, x-ray and fluoroscopy findings pointed to a genesis of dissecting aneurysm with or without 
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Martan’s syndrome. As McKusick |9| has sug- 
gested, dissecting aneurysm of the aorta may 
have a varied pathogenesis, some being heredi- 
tary, others acquired. 

The basic pathologic lesion in the aorta of the 
patients herein reported was a cystic mucinous 
degeneration of the media, similar to that de- 
scribed in the literature. It is not difficult to 
understand how this may lead to massive dilata- 
tion of the aorta and the aortic valve annulus, 
with a resultant insufficiency at the valve orifice 
even in the presence of normal leaflets. Dissec- 
tion of the aortic wall may readily occur under 
these circumstances. 


SUMMARY 

Three cases of arachnodactyly complicated 
by aneurysm of the aorta are presented. In two 
of these cases the autopsy findings are described. 
Autopsy showed a tear in the wall of the aorta, 
without dissection in one of our patients. Gen- 
eralized aneurysmal dilatation of the aorta 
was present in all three cases, with aortic 
insufficiency. 

Aneurysm of the aorta is a frequent occur- 
rence in patients with arachnodactyly who reach 
adulthood. Dissection of the aorta may be 
responsible for early death in these patients. 
Generalized dilatation of the aorta may lead to 
aortic insufficiency and death. 
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SEPTEMBER, 1957 


Hahnemann Medical College and Hospital of 
Philadelphia, Philadelphia, Pa. 


REFERENCES 


1. Marean, A. B. Un cas de déformation congénital des 
quatre membres plus prononcée aux extrémitiés, 
characterisée par lallongement des os avec un 
certain degré d’amincissement, Bull. et mém. Soc. 
med. d. hép. de Paris, 13: 200, 1896. 

AcHARD, M. C. Arachnodactylie. Bull. et mém. Soc. 
med. d. hép. de Paris, 19: 834, 1902. 

3. Piper, R. K. and Irvine-Jones, E. Arachnodactylia 
and its association with congenital heart diseases. 
Am. J. Dis. Child., 31: 832, 1926. 

4. Baer, R. W., Taussic, H. B. and OPPENHEIMER, 
E. H. Congenital aneurysmal dilatation of the 
aorta associated with arachnodactyly. Bull. Johns 
Hopkins Hosp., 72: 309, 1943. 

5. Rapos, A. Marfan’s syndrome (arachnodactyly) 
coupled with dislocation of lens. Arch. Ophth., 27: 
447, 1942. 

6. Lurman, F. C. and Neer, J. V. Inheritance of 
arachnodactyly, ectopia lentis and other congeni- 
tal anomalies (Marfan’s syndrome) in the E. 
family. Arch. Ophth., 41: 276, 1949. 

7. Brack, H. H. and Lanpay, L. H. Marfan’s syn- 
drome: report of five cases in one family. Am. J. 
Dis. Child., 89: 414, 1955. 

8. Marve, R. J. and Genovese, P. D. Cardiovascular 
disease in Marfan’s syndrome. Am. Heart J., 42: 
814, 1951. 

9. McKusicx, V. A. The cardiovascular aspects of 
Marfan’s syndrome, a heritable disorder of con- 
nective tissue. Circulation, 11: 321, 1955. 

10. McKusicx, V. A. Heritable disorders of connective 
tissue. ur. The Marfan syndrome. J/. Chronic Dis., 
2: 609, 1955. 

11. Cited by McKusick [ 70). 


| 
> 


Marfan’s Syndrome: Description of a F amily’ 
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cKusick [7] has recently comprehensively 
MI redefined the Marfan syndrome, which 
is a genetically determined, dominantly in- 
herited disorder of protean clinical display be- 
lieved to arise from a connective tissue defect. 
Salient clinical manifestations include gracile 
or gangling habitus with long head (dolicho- 
cephaly), long, thin extremities (dolichosteno- 
melia), long digits (arachnodactyly), lens dislo- 
cation (ectopia lentis), highly arched palate, 
pectus excavatum (‘‘funnel breast’’) or pectus 
carinatum (‘‘pigeon breast’’), kyphoscoliosis, 
dilatation of the ascending aorta with aortic 


hernias and hypermobility of joints. Intelligence 
is usually normal. The dire cardiovascular 
defects, in particular, have been emphasized 
recently [2-4]. 

The purpose of this report is to record addi- 
tional experience with the disorder. An instruc- 
tive kinship recently encountered will be pre- 
sented. No information illuminating the basic 
nature of the Marfan syndrome was obtained in 
this study. 

CASE REPORTS 

The family tree is shown in the conventional fashion 

in Figure 1. Defects encountered in each member are 


regurgitation, dissecting aneurysm, multiple listed beneath his position in the pedigree. 


A MARFAN KINSHIP 


I O 


2 


Dolichocepholy 
Dolichostenomelioa 
Arachnodactyly (7) 
Pectus excovatum 


2 3 5 6 
Dilatation of Dissection of corta (7) Dilatation of No defects 
Varicose veins ascending corto opporent 


ascending aorta 


Aortic regurgitation Aortic regurgitation 


tos ti 
Inguinal hernia (7) Femoral hernias (7?) 


Inguinal hernias 


Dolichocephaly Scoliosis 

Highly arched folate Hypermobility of joints Dolichocephaly 

Pectus excovotum Clinodactyly Highly arched poiote 
Pes cavus Dolichostenomelia 


Genu recurvatum 


Pes cavus Pectus exeavatum 


Hypermobility of joints 


* 
4 
Hypermobility of joints 


@ 


Dolichocephaly 
Highly orched palate 
Pectus excavotum 
Genu recurvatum 


3 
Highly arched palote 
Genu recurvaotum 
Talipes equinovarus 


2 
Umbilical hernia 
Femoral hernia 


Dolichocephaly 

Highly orched palate 
Pectus carinatum 
Hypermobility of joints 
Fusion of radius and uina O 
Pes covus 


M AFFECTED MALE 
UNAFFECTED FEMALE 
Fic. 1. Family tree. Defects found in each member are listed beneath his position in the tree. 


* From the Medical Service, Cincinnati Veterans Administration Hospital, and the Department of Medicine, University 
of Cincinnati College of Medicine, Cincinnati, Ohio. 
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Marfan’s Syndrome: Description of a Family— Wilson 


I 1: G. S. Sr. was probably the progenitor of this 
Marfan syndrome kinship. He was 6 feet 3 inches in 
height and weighed only 135 pounds. Family photo- 
graphs show that he had a narrow face, long arms and 
legs, and long, tapering fingers. His wife adds that he 
“had a sunk place in his chest, same as George Jr.” 
(II 1.) He was considered ‘‘delicate” by his family 
throughout life. His vision was normal. The family 
has no knowledge of hernia, flat foot or any other 
abnormality. He died suddenly at age twenty-nine 
following a prolonged illness which was characterized 
by weakness, ataxia and, toward the end, difficulty in 
swallowing. He was not short of breath and did not 
complain of pain in the chest. On the death certificate 
death was attributed to brain tumor. Autopsy was 
not performed in the rural Kentucky community 
where he died. 

Both of his parents died late in life, one of infection, 
the other of heart failure. Three siblings, all heavy, are 
in robust health in middle-life. One sister, short and 
heavy, died suddenly at age fifty. Autopsy was not 
performed. Full investigation of this group and all 
their progeny has not been carried out and is not 
planned. 

The non-consanguineous widow (I 2) of Individual 
I 1 is now forty-four years old. She is a healthy round- 
faced woman of normal body proportions. She has no 
congenital defects to her knowledge other than 
myopia, which apparently none of her children have 
inherited. She has not been examined by the author. 

II 1: G. S. Jr. (Cincinnati General Hospital, 
134774; The Children’s Hospital, 0-14045; Veterans 
Administration Hospital, 6266) was apparently nor- 
mal at birth but “‘outgrew a hernia” as a child by 
wearing a truss. Funnel breast was found on examina- 
tion at eight years of age. Examination of the heart 
showed no abnormality. Chest x-ray and electro- 
cardiogram were likewise normal. The child survived 
diphtheria at ten, a heart murmur again not being 
noted; but at age twelve, examination at the time of 
hospitalization for pharyngitis revealed a “thin,” 
‘“‘undernourished,”’ “chronically” ill boy weighing 
only 62 pounds. The chest was long and narrow, and 
the sternum “caved in.” Vigorous precordial and 
suprasternal notch pulsations were noted. A soft 
systolic murmur was heard over the entire pre- 
cordium, loudest in the second interspace (right or 
left side not specified) and transmitted to the neck. 
The “pulmonic closure sound’? was described as 
‘booming.’ An electrocardiogram was again normal, 
but a “‘suspicious bulge in the region of the pulmonary 
conus’”’ was found on roentgenogram of the chest. 

The subject enlisted in the Army at age seventeen. 
(Fig. 2.) At that time he weighed 114 pounds and was 
5 feet 814 inches in height. Vision was found to be 
normal (as it was throughout life). Moderate pectus 
excavatum was again noted. A heart murmur was not 
described. The blood pressure was 118 mm. Hg 
systolic, 82 mm. Hg diastolic. A chest x-ray upon 
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Fic. 2. Snapshot of Individual II 1 nine years be- 
fore death. Note thin face and pectus excavatum. 
Fingers (poorly shown) were not abnormally long. 


induction (Fig. 3) was interpreted as normal but re- 
view of this film and one taken four years later showed 
slight prominence of the pulmonary artery. This may, 
in part, have been attributable to displacement and 
rotation of the heart secondary to pectus excavatum. 

Six months after enlistment pain and swelling in the 
right knee occurred following a march. Relaxation of 
the cruciate ligaments was pointedly noted. A diag- 
nosis of osteochondritis dissecans was made when 
“‘joint mice’ were seen on x-ray films. Also at this time 
a systolic murmur was heard in the second left inter- 
space and was ascribed to the deformity of the chest. A 
diastolic murmur was not heard. 

The patient was considered to be unsuitable for 
military duty because of the knee disorder and was 
discharged. A subsequent Veterans Administration 
compensation rating for genu recurvatum and func- 
tional cardiac murmur was made. Both defects were 
adjudged to be developmental or constitutional 
abnormalities. 

At twenty-two years of age the subject was admitted 
to a hospital for treatment of a severe wrist injury 
sustained on a punch press. Examination of the heart 
was not recorded but blood pressure before and during 
a long operative procedure was essentially normal, 
120-156 mm. Hg systolic, 80-100 mm. Hg dias- 
tolic. Following this injury the patient worked as a 
timekeeper. 

Four months prior to admission the patient’s wife 
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i3 FEB 56 
ANT. OBLIQUE 


FEB S56 
POST ANT. 


13 FEB 56 
L. ANT. OBLIQUE 


Fic. 3. Individual II 1. The pulmonary artery is somewhat prominent in the early film (upper left, taken in 1946) but 
this may be due to displacement and rotation secondary to pectus excavatum. A film (not shown) taken four years 
later was identical in appearance. Films taken shortly before death show generalized cardiac enlargement and promi- 


nence of the ascending aorta, which is best seen in the left anterior oblique view. 


noted that her husband, now aged twenty-six, was 
short of breath after sexual intercourse and on subse- 
quent nights soon realized that he could not maintain 
the torrid three-to-four times a night, three-to-four 
times a week pace which she insisted they had enjoyed 
during their seven years of marriage. She initially 
teased her husband about “‘getting old”’ but as post- 
coital dyspnea and exhaustion increased through 
subsequent weeks, his wife realized that he was ill. 
Two months prior to admission the rather discerning 


wife refused to have further intercourse because she 
did not want her husband to die “‘just like Albert’’ 
(II 3). Soon all activity produced shortness of breath. 
The subject gave up his job four days prior to admis- 
sion following several bouts of paroxysmal dyspnea 
and syncope. In the two-week period prior to admis- 
sion there was progressive swelling of the abdomen 
and the lower extremities. At no time had the patient 
experienced pain or a sensation of something “‘giving 
away’ in his chest. 
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BASE: AORTIC INSUFFICIENCY 


APEX: AUSTIN FLINT MURMU 


55. 


2 3 
TIME IN SECONDS 


Fic. 4. Individual II 1. Phonocardiogram. Diastolic mur- 
murs (DM) at the base and apex of heart. 


Upon examination the patient was found to be in 
advanced heart failure with dyspnea at rest, orthop- 
nea, heavy sweating, elevated venous pressure (31 cm. 
of water), prolonged arm-to-tongue circulation time 
(26 seconds), and soggy lung bases, liver and lower 
extremities. There was great tumult of the precordium 
with a diastolic thrill at the base corresponding to a 
long, loud, blowing diastolic murmur in this area. 
This murmur was transmitted downward along the 
sunken sternum. A lower pitched diastolic bruit 
(Austin Flint murmur) was discovered at the apex. 
(Fig. 4.) In addition a soft systolic murmur was audi- 
ble at the apex. Valve closure sounds were loud in 
all areas. The blood pressure was 132 mm. Hg 
systolic, 55 mm. Hg diastolic. Durozier’s murmur and 
pistol shot sounds were audible over the femoral 
arteries and capillary pulsations were increased in 
amplitude. Electrocardiograms, it is interesting to 
note, showed clockwise rotation and marked right 
axis deviation. (Fig. 5.) Pectus excavatum may have 
contributed to this unusual position of the heart. 
Roentgenograms of the chest revealed great enlarge- 
ment of the heart with dilatation of the ascending 
aorta which, on fluoroscopic examination, showed 
very forceful, collapsing pulsations. Four curves were 
present along the left border of the heart, suggestive 
of rheumatic mitral stenosis. (Fig. 3.) 

On further examination the patient was noted to be 
thin-faced, long-headed and of delicate build. The 
eyes were normal. The palate was highly arched. 
The spine was straight and the extremities thin, but the 
fingers were not abnormally long. The feet, however, 
were highly arched. Examinations specifically for 
joint laxity or lens dislocation were not performed as 
the Marfan syndrome was not given serious considera- 
tion during life. 
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Fic. 5. Individual II 1. Electrocardiogram at the time of 
final hospital admission, before digitalization. Note the 
marked degree of right axis deviation and clockwise rota- 
tion of the heart. 


Heart failure was initially lessened by the use of 
digitoxin, mercurial diuretic agents, oxygen and 
thoracentesis, but bouts of apprehension, paroxysmal 
dyspnea, palpitation and sweating soon returned. The 
blood pressure varied between 100-160 mm. Hg 
systolic and 0-50 mm. Hg diastolic. The patient died 
suddenly as he was being helped onto a bedpan one 
month after admission. 

At necropsy* (limited to an incision of the chest) 
the ascending aorta (Figs. 6 and 7) was greatly 
thinned and tremendously dilated, rendering the 
aortic valve grossly incompetent. The dilatation of 
the aorta ended abruptly at the origin of the innomi- 
nate artery, beyond which point the aorta was of 
normal caliber. The wall of the thoracic aorta was, 
however, thinner than normal. The dilated ascending 
aorta, viewed from within, showed irregular loss of 
intima. This was especially pronounced just above the 
aortic valve; here the intima was completely absent, 
leaving ragged scarred media exposed to the blood- 
stream. The ostia of the coronary arteries were dis- 
placed upward, in a fashion typical of the Marfan 
syndrome, about 1 cm. above the free edges of the 
baggy valve. Dissection or coarctation was not present. 
Virtually no atherosclerosis was present in the aorta or 
in the coronary arteries. 

The heart was greatly enlarged, weighing 800 gm. 
There was extreme left ventricular dilatation, moder- 


* Performed by Dr. Boris Gueft. 
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Fic. 6. Individual II 1. Enlarged heart and dilated 
ascending aorta. The pulmonary artery is of normal 
caliber. 


ate left ventricular hypertrophy and moderate dilata- 
tion of all other chambers. The wall of the left ventricle 
was 13 mm. in thickness; the wall of the right ventricle 
was 4 mm. All valves were dilated but were otherwise 
normal except for moderate rolling of the free borders 
of the aortic valve. The commissures of the aortic 
valve were not separated. The valve circumferences 
were: tricuspid, 14 cm.; pulmonic, 8 cm.; mitral, 
11.cm.; aortic, 11 cm. Despite the great weight of the 
heart and the thickness of the left ventricular wall, 
both of which were suggestive of long-standing aortic 
regurgitation, the endocardium of the left ventricle 
was only slightly thickened. The pulmonary artery 
was normal. 

Microscopically, irregular loss of intima and inner 
two-thirds of the media of the ascending aorta was 
found. Fragmentation and cystic degeneration of the 
elastica was present, with accumulation of consider- 
able toluidine-blue metachromatic mucoid material 
in the cystic spaces. Few inflammatory changes were 
seen. The microscopic picture was consistent with 
the changes seen in Erdheim’s cystic medial necrosis 
of the aorta [5]. No inflammatory changes or fibrosis 
were seen microscopically in the valves. There was 
moderate diffuse non-specific scarring in the myo- 


Fic. 7. Individual II 1. Diffuse aneurysm of ascending 
aorta viewed from within. See text for detailed descrip- 
tion. 


cardium. Other organs showed the expected conges- 
tive changes. 

In summary, a person with the skeletal and liga- 
mentous defects of the Marfan syndrome died in heart 
failure secondary to a widening ascending aorta at 
age twenty-six. [here are hints that dilatation may 
have begun as many as fourteen years earlier, but 
symptoms of free aortic regurgitation did not evolve 
until a few months prior to death. 

II 3: F. S. (C. G. H. 102272), brother of II 1, first 
came under medical observation at age nine for treat- 
ment of equinovarus and pes cavus defects of the right 
foot, which had been present since birth. One year 
later the boy sustained a hyperextension injury of the 
left knee in a fall and was admitted to the hospital 
where a blood-filled semitendinosus bursa was ex- 
cised. An observant intern noted on examination that 
all ligaments were generally “‘lax’’ and the “fingers 
markedly hyperextensible,”’ with a flexion deformity 
of the fifth finger of one hand (clinodactyly—a 
typical Marfan syndrome deformity). General 
examination showed a “‘thin, asthenic”’ lad with poorly 
developed musculature. Diastasis recti and bilateral 
femoral bulging on cough were additional findings. 
The blood pressure was 95 mm. Hg systolic, 65 mm. 
Hg diastolic. The eyes were described as normal, 
consistent with later history and examinations dis- 
closing normal vision throughout life. 

The subject enlisted in the Army at age seventeen 
but was soon hospitalized for treatment of the weak 
foot. On examination at this time the left side of the 
chest was described as “‘narrower” than the right, with 
curvature of the thoracic spine to the left. The heart 
was thought to be normal. The blood pressure was 
104 mm. Hg systolic, 70 mm. Hg diastolic. Varicosi- 
ties of the superficial veins of the legs were noted. 
Chest x-rays during service were considered normal 
but the aortic arch was definitely increased in diam- 
eter in the film taken at the separation center, which 
was the only film available to the author for review. * 


* The quality of this photo-fluorogram is too poor for 
reproduction here. 


AMERICAN JOURNAL OF MEDICINE 


4 
as 


Marfan’s Syndrome: Description of a Family— Wilson 


The subject was discharged as unsuitable for military 
duty seven months after induction because of enuresis 
for which organic cause could not be found. 

Following discharge he worked steadily as a grinder 
and, so far as is known, did not consult a physician. 

Five days after his marriage at age twenty-two the 
subject returned home from second-shift work feeling 
well. He drank coffee with his wife and then retired. 
It is not known whether coitus ensued, as the subject’s 
wife has not been located. A short time later he arose 
complaining of precordial chest pain. He soon began 
to gasp violently and to sweat heavily. He died before 
a physician could be summoned. Autopsy was not 
performed. 

It is family lore (see Case II 1) that excessive sexual 
intercourse contributed to the death of this newly-wed 
young man. The city coroner’s unconfirmed death 
diagnosis was coronary occlusion, but the mode of 
death equally well suggests dissecting aneurysm of the 
aorta, which is a common cause of death in subjects 
with the Marfan syndrome. Defects noted earlier in 
life clearly mark this person as a victim of the disorder. 

II 4: B. S. (C.G.H. 242135; C.H. 27189), sister of 
II 1 and IT 3, was “‘too small to weigh” at birth and 
has remained frail and undersized all her life. Bi- 
lateral inguinal hernias appeared at age two and a 
half years. These were subsequently repaired. Upon 
examination at age six the child weighed only 33 
pounds but was 4219 inches in height. The palate 
was noted to be very highly arched. A systolic murmur 
was heard over the lower precordium. A few months 
later a long blowing diastolic murmur was discovered 
along the sternum. The blood pressure was 118 mm. 
Hg systolic, 70 mm. Hg diastolic. Because of these 
findings, together with a history of headache, epi- 
Staxis, pharyngitis, failure to gain weight and vague 
joint pain, it was concluded that the child had 
rheumatic fever. However, temperature elevation or 
increase in erythrocyte sedimentation rate was only 
occasionally recorded on repeated clinic visits. None- 
theless, the girl was confined to a convalescent home 
for a period of.one year. Long head, thin extremities 
and flabby subcutaneous tissues were findings which 
were commented upon here. The heart murmurs and 
blood pressure did not change appreciably. Electro- 
cardiograms, chest x-rays and repeated erythrocyte 
sedimentation tests were normal throughout this 
period. 

One month after leaving the home, at age eight, 
swelling of a joint (knee) occurred for the first time 
but redness or tenderness was not present. ‘wo months 
later epistaxis returned but laboratory tests again 
failed to support the diagnosis of rheumatic fever. 
Prominence of the pulmonary artery and minimal 
cardiac enlargement were found on x-ray examination 
of the chest at this time. 

The child was not seen again until she was four- 
teen years old. At that time she was 60 inches in 
height and weighed 79 pounds. Moderate pectus 
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excavatum was discovered. The murmurs were 
unchanged. The blood pressure was 115 mm. Hg 
systolic, 60 mm. Hg diastolic. Upon cardiac fluoros- 
copy, the right and left ventricles were thought to be 
enlarged and the aorta widened and elongated. Left 
atrial enlargement was not discovered. ‘The physicians 
at the clinic thought that atrial or ventricular septal 
defect was the most likely diagnosis. 

At the present time, at twenty-two years of age, the 
subject considers herself to be in good health. She 
works steadily as an office clerk. She is asymptomatic. 
On interview and examination she was alert and 
intelligent, and had a remarkable memory for the 
details of her own and her relatives’ lives. She was 
frail in appearance. (Fig. 8.) Her height was 6014 
inches, span, 604 inches; weight, 87 pounds. The 
head was long, face was thin, and the palate was high. 
She had worn glasses since the age of six because of 
exophoria, hyperphoria, and hyperopia of 8 diopters 
in one eye and 4 diopters in the other eye, which 
were recently reconfirmed by an ophthalmologic 
consultant who, in addition, found no lens dislocation. 
Slit lamp examination, however, was not carried out 
in this subject (nor in subjects II 6, III 2, III 4, and 
III 5 because the instrument unfortunately was 
broken on the day when these individuals graciously 
submitted to interview and examination). The antero- 
posterior diameter of the chest was remarkably fore- 
shortened with a reverse lordotic curve of the thoracic 
spine (Fig. 9) and there was slight pectus excavatum. 
A supernumerary nipple was present. The pre- 
cordium was moderately active. ‘The heart tones were 
normal except for an accentuated aortic closure sound. 
The cardiac rhythm was regular. A short grade 2 
systolic murmur was present at the base and a long 
blowing grade 3 diastolic murmur was present at the 
base and along the left sternal border. A diastolic 
murmur was not heard at the apex. The blood pres- 
sure was 112 mm. Hg systolic, 60 mm. Hg diastolic. 
On roentgenographic (Fig. 9) and fluoroscopic 
examination, the left ventricle, but not the left 
atrium, was enlarged. Intracardiac calcifications were 
not noted. The proximal aorta was widened; pulsa- 
tions were increased in amplitude. Long, attenuated 
bones (dolichostenomelia) were visible in x-rays but 
arachnodactyly. was not present. Joints were hyper- 
mobile. Varicose veins were prominent in the lower 
extremities. 

It cannot be stated with certainty that this person 
has the cardiovascular defects of the Marfan syn- 
drome, for rheumatic distortion of the aortic valve 
could account for most of her cardiac findings. It is 
far from certain, however, that rheumatic fever was 
present earlier in the life of this closely observed 
individual. Moreover, the proximal aorta shows a 
degree of dilatation and expansibility much greater 
than that which is ordinarily seen in patients with 
rheumatic aortic regurgitation of moderate degree. 
The skeletal defects present in the subject mark her un- 
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Fic. 8. Individual IT 4, left, has mild aortic regurgitation. Marfan defects visible in the illustration in- 
clude pectus excavatum, thin upper extremities, genu recurvatum and varicose veins. Her sister, In- 
dividual II 6, right, is normal on physical examination but may have the disorder in a latent form (see 
text). 


mistakably as an example of the Marfan disorder; it is 
likely, therefore, that the cardiovascular abnormalities 
are on the same basis. 

II 6: M. C., sister of II 1, II 3 and II 4, has been in 
good health all her life except for intermittent palpita- 
tion and breathlessness at age seventeen. Her doctor 
discovered a heart murmur (timing uncertain) and 
interpreted the episode, which spontaneously sub- 
sided after approximately one month, as a bout of 
rheumatic fever. She has never worn glasses. 

On examination at age twenty the subject was 
found to be of symmetric but asthenic build. (Fig. 8.) 
Her height was 594 inches, span was 60 inches and 
weight was 87 pounds. Her eyes were found to be 
normal by the ophthalmologic consultant. The chest 
was symmetrical and the spine straight. The palate 
was normally arched. The heart was not enlarged. 
The valve closure sounds were of normal intensity. 
Murmurs were not present. The blood pressure was 
108 mm. Hg systolic, 60 mm. Hg diastolic. No 
hernias were present. [The extremities were normal. 
Joints were not lax. She did not have varicose veins. 


[t is conceivable that the cardiovascular complaints 
at age seventeen were the result of sudden minor 
dilatation or tearing of the ascending aorta and that 
subsequent repair has abolished the murmur which 
was present at that time. Against this flight of clinical 
fancy is the fact that roentgenograms and careful 
fluoroscopy of the heart at the present time yield no 
suggestion of widening of the aorta. Nevertheless it is 
likely that the subject does indeed have the Marfan 
defect for all her siblings (II 1, II 3, II 4) and one of 
her daughters (III 4) are affected. Perhaps it will be- 
come manifest as she ages. 

III 1: T.S. (C. H. 76464), daughter of II 1, weighed 
less than 3 pounds at premature birth. Retrolental 
fibroplasia was recognized when she was nine months 
old. Phthisis bulbi ensued. 

Currently, at six years of age, the child is blind but 
alert and wellspoken. She is of delicate construction. 
Her height is 43 inches, span is 42!4 inches and 
weight is 3414 pounds. The head is strikingly dolicho- 
cephalic. The bridge of the nose is wide and the cheek- 
bones high. The palate is highly arched. There is 
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Fic. 9. Individual II 4. Kyphoscoliosis is present, with marked foreshortening of the anteroposterior diameter of the 
chest. Pectus excavatum is present. The heart is moderately enlarged. Dilatation of the ascending aorta is best seen in the 


left anterior oblique view. 


slight pectus excavatum. The heart is not enlarged or 
displaced and there are no murmurs. The spine is 
straight. ‘The arms are long and the hands and feet are 
big. Arachnodactyly cannot be said to exist, however. 
Moderate genu recurvatum is present. Hernias are 
not found. 

III 2: G. S. III (C. H. 91297), son of II 1, weighed 
5 pounds at birth but the only obvious defect at this 
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time was cleft palate (also present in the mother, IT 2, 
who was otherwise normal! on examination). When the 
infant was one month old, an incarcerated femoral 
hernia was repaired surgically. At one year of age the 
child was readmitted to the hospital for evaluation 
of retardation in growth. He was 25 inches long and 
weighed 11 pounds. Micrognathia, pectus carinatum, 
kyphosis, umbilical hernia, sacrococcygeal dimple, 
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Fic. 10. Individual III 2. Note the misshapen ears, cross- 


bite, pectus carinatum, umbilical hernia and hyper- 
mobile joints in this underdeveloped three year old child. 


bilateral bony fusion of the proximal ends of the radius 
and ulna, and equinus deformity of the feet with pes 
cavus of the left foot were further findings. ‘The general 
conclusion of the hospital staff was that the child had 
‘poor protoplasm.”’ The cleft palate was successfully 
repaired at age two. 

Now three years old, the child (Fig. 10) has a length 
of 31 inches, a span of 3014 inches, and a weight of 
20 pounds—dimensions far below normal for his age— 
but he is alert and active. Previously noted defects 
were again found. The face is thin, the head dolicho- 
cephalic, the ears misshapen. ‘he upper dental arch is 
narrow, the lower wide; “‘cross-bite’’ malocclusion has 
resulted. ‘The eyes are normal. Lens dislocation was 
not discovered by the ophthalmologist. The neck is 
short. [The heart is not displaced or enlarged. Murmurs 
are not present. The limbs are long and hands and 
feet big. The mother volunteered that her son was 
‘“‘double-jointed,”’ and, indeed, there is marked hyper- 
mobility of the fingers, wrists, knees and ankles. 

III 3: D. S., son of II 1, is one year old and is 
undergoing orthopedic correction of bilateral club 
foot. Other defects include high palate and marked 
genu recurvatum. He has no eye disorder, hernia or 
heart murmur. His general body contours and his 
state of nutrition are much nearer normal than his 
scrawny siblings. He weighs only 1 pound less than 
his three year old brother. Nonetheless, he too clearly 
has the Marfan disorder. 

III 4: J. C., daughter of II 6, age two and a half 
years, has had normal growth and development since 
birth. Upon careful examination eye, heart or bone 
defects were not discovered, but fingers, wrists and 
knees were found to be strikingly lax. The child is 


thus considered to have the Marfan syndrome—a 
diagnosis one would certainly hesitate to make were it 
not for the information at hand concerning her 
forebears. 

III 5: B. C., age seven months, daughter of IT 6, is 
normal in every respect. ‘he eyes are without defect. 
The palate is normally arched. ‘The chest is well- 
formed. Heart murmurs are not present. Hernias 
cannot be found. Joint mobility is within normal 
limits. 

COMMENT 


This group of subjects exhibits many of the 
typical skeletal, ligamentous and cardiovascular 
defects of the Marfan syndrome. Long head, high 
palate, deformed chest, weak aorta, loose joints 
and multiple hernias are common features of the 
disorder. 

Eye defects, notably ectopia lentis, were con- 
spicuously absent in this family, but ectopia 
lentis is not an invariable finding in the disease. 

The occurrence of pes cavus in three individ- 
uals is unusual. The height of the arch of the 
foot is principally dependent upon the balance 
which exists between three structures—the 
plantar fascia, the gastrocnemius and _ soleus 
muscles, and the sling, as it were, about the top 
of the foot formed by the anterior and posterior 
tibial muscles. If any of the three structures is 
weak, the arch will be disturbed. Commonly it is 
the plantar fascia. ‘This results in flat foot. But 
muscular underdevelopment and hypotonia are 
likewise features of the Marfan disorder. Weak- 
ness of the calf muscles could well result in pes 
cavus, as it does in an acquired disease, acute 


poliomyelitis. 


Claw-foot, which resembles pes cavus in ap- 
pearance, may result from contracture of flexor 
tendons and plantar fascia following injury in 
these fragile people. Claw-foot was present in 
Marfan’s original case [6]. 

It is important to note that individuals af- 
flicted with the Marfan syndrome, although 
classically tall, thin and “‘spidery,’’ need not be 
grotesque or freakish in appearance. The body 
contours of most of the members of this family 
are not far from normal. ‘The physician may have 
to look sharply to discover the skeletal and 
ligamentous features of the syndrome. The 
identification of such may dramatically clarify 
for him a puzzling cardiovascular problem. 

Aneurysmal dilatation of the root of the aorta 
with stretching of the aortic ring and aortic 
regurgitation, as present in our autopsied case 
(II 1), has been repeatedly reported in the Mar- 
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fan syndrome [2-4,7-/0]. Dissecting aneurysm is 
also common in these patients |2—3,//—/4]. These 
two conditions, both of which are basically at- 
tributable to the same defect—-weakness of the 
media of the aorta~—are the principal lesions 
found in the cardiovascular system. Defects in 
the pulmonary artery, in valve structure and in 
the interatrial septum are less commonly seen. 
Weakness in the walls of veins which is ap- 
parently similar to that found in arteries may 
result in varicose veins. [his was present in two 
of our subjects. The author knows of no careful 
histologic study of veins in the Marfan syndrome, 
however. Indeed, lamentably little is known con- 
cerning the basic defect in any tssue. It is 
thought to be in the elastic fiber but, as many 
have pointed out, it is hard to reconcile such 
diverse lesions as ectopia lentis, weakness of 
blood vessel walls and increase in length of bones 
on the basis simply of an elastic tissue defect. 

In one of our subjects (II 4) a murmur of 
aortic regurgitation has been present for sixteen 
years and apparently has not changed much dur- 
ing this time. The aortic regurgitation is believed 
to be secondary to dilatation of the aortic ring 
due to the Marfan syndrome. That such a lesion 
can be tolerated well for a number of years is 
known. MckKusick cites instances of the disorder 
in which the murmur of aortic insufficiency was 
present for nine and ten years prior to death in 
heart failure [3]. The degree of physical activity 
of the individual probably is important in de- 
termining the rate at which dilatation of the 
aorta occurs. Our patient leads the quiet life of a 
non-athletic, unmarried office clerk and may 
continue to do well for some time to come. 

On the other hand her two brothers (II 1 and 
If 3) met early death, one from aortic dilatation, 
the other possibly from aortic dissection. Both, as 
men and former soldiers, had undoubtedly led 
lives physically more strenuous than their sister. 
This may well have had telling effects on their 
congenitally weak aortas. Specifically, in each 
instance vigorous sexual activity may have con- 
tributed significantly to progressive stretching or 
tearing of the aorta. One individual (II 3) died 
five days after marriage; the other (II 1) first 
noted dyspnea and fatigue after sexual inter- 
course. Recent data concerning the astonishing 
alterations in pulse and respiratory rates which 
occur during coitus in humans may be pertinent 
in this connection [75]. Perhaps physical activity 
such as this should be limited in patients with the 
Marfan syndrome, especially if evidence that the 
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aorta is involved is at hand—much as one cur- 
tails activity in individuals with saccular or 
stabilized dissecting aneurysm of the aorta. In 
the Marfan syndrome a sedentary spinster may 
outlive an athletic husband. 


SUMMARY 


A Marfan syndrome kinship involving eight 
or nine individuals in three generations was 
found to be notable for defects involving the 
skeletal and cardiovascular systems but not the 
eye. Conspicuous abnormalities in the family are 
dolichocephaly, deformity of the chest, dilatation 
of the aorta, hypermobility of joints and multiple 
hernias. 

Physical activity, especially sexual intercourse, 
may have been instrumental in hastening death 
in two male subjects, while an inactive sister has 
tolerated mild aortic dilatation well for sixteen 
years. 


Acknowledgment: ‘The author is indebted to Dr. 
Boris Gueft, pathologist; Dr. Joseph Ginsberg, 
ophthalmologist; and Dr. Frances Toomey and 
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Pittsburgh, Pennsylvania 


ROGRESSIVE systemic sclerosis is now recog- 
Priced to be a chronic disorder which may 
affect many organ systems |/—&]. The clinical 
characteristics of cutaneous, gastrointestinal! 
and cardiopulmonary involvement have been 
well described [9-72] but the incidence and 
severity of renal damage in this disease has been 
appreciated only recently |/3-/4]. This increas- 
ing interest has resulted at least in part from a 
number of reports of severe renal disease devel- 
oping in patients with progressive systemic 
sclerosis who had been receiving either ACTH or 
cortisone [75-78]. 

We have had occasion to observe the develop- 
ment of rapidly fatal renal insufhciency and 
malignant hypertension in seven patients with 
progressive systemic sclerosis. ‘he clinical and 
pathologic features of these cases are here re- 
corded, together with the findings in one patient 
in whom only mild renal dysfunction developed, 
and one in whom the extensive renal lesions 
discovered at postmortem examination were not 
suspected from the clinical course. 


CASE REPORTS 


CasEt. C. F., a sixty-six year old white man, a re- 
tired contractor, entered Duke Hospital (No. C-74302) 
on November 4, 1949, with the chief complaint of 
swollen, painful joints of three months’ duration. 

The patient reported no serious illness until three 
and a half months prior to admission when he noted 
the onset of painless swelling of the lower extremities. 
At this time too he noted exertional and paroxysmal! 
nocturnal dyspnea. Two weeks later he had pain, red- 
ness and increased heat in the joints of the extremities. 
There was no past history of cardiac or renal disease. 
The patient had noted increasing pigmentation of his 


skin for an unstated period of time and had experi- 
enced pain on swallowing, which had been relieved 
by passage of food into the stomach. 

On examination, the patient was poorly nourished 
and confused. The temperature was normal, the pulse, 
80; respiration, 22; and the blood pressure 180/85 
mm. Hg. The skin over the extremities and face was 
tight, dry and edematous, with a diffuse brownish 
pigmentation. There was generalized muscular 
atrophy. The eyelids were swollen. A white exudate 
was seen in the right fundus, with minimal sclerotic 
changes in the vessels. Moist inspiratory rales were 
heard bilaterally at the lung bases. The heart was 
enlarged to the left. The rhythm was regular and the 
sounds were of good quality. There was a grade 2 
apical systolic murmur. The liver edge was felt 
71g cm. below the costal margin. There was 1 plus 
pitting edema in the lower extremities. The joints of 
these extremities were swollen, reddened and warm 
but otherwise were without deformity or limitation in 
motion. 

The specific gravity of the urine was 1.011; the 
pH, 5; and protein, 2 plus. A rare red cell and white 
cell were noted in the sediment, and there were many 
granular casts. The hemoglobin was 12.9 gm. per 
cent, white blood cell count, 8,800 per cu. mm.; 
and the platelet and reticulocyte counts were normal. 
The blood non-protein nitrogen was 69 mg. per cent; 
serum albumin, 2.6 gm. per cent; serum globulin, 
3.6 gm. per cent and phosphorus 4.8 mg. per cent. The 
electrocardiogram was indicative of an incomplete 
right bundle branch block. A roentgenogram of the 
chest disclosed an enlarged heart and infiltrations in 
both lower lung fields. 

The patient was given a low sodium diet. The blood 
pressure ranged initially around 210/110 mm. Hg. 
On the fourth hospital day he experienced four gen- 
eralized convulsions, each beginning with twitching 
of the musculature of the right face and spreading as a 
generalized convulsion lasting one to two minutes. 


* From the Department of Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania, the 
Department of Medicine, Georgetown University Medical Center, Washington, D. C., and the National Institute 
of Arthritis and Metabolic Diseases, National Institutes of Health, Bethesda, Maryland. Paper presented at Second 
Interim Session, American Rheumatism Association, Bethesda, Maryland. 

+t Public Health Service Research Fellow, National Heart Institute. 
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Fic. 1. Case 1. Photomicrograph of glomerulus illustrating focal necrosis of 


glomerular tuft. Original magnification, K 254. 


Intermittent Cheyne-Stokes respiration appeared. 
Spinal puncture revealed a clear, cell-free fluid, under 
initial pressure of 175 mm., which contained 76 mg. 
per cent protein. On the following day pulmonary 
edema developed, which improved following the use of 
morphine, digitalis, positive pressure oxygen, and 
tourniquets to the extremities. His blood pressure at 
this time was 180/130 mm. Hg and the blood non- 
protein nitrogen was 101 mg. per cent. The tempera- 
ture, which had been normal up to this time, now rose 
to 39°c., and continued thereafter at levels of 39 to 
40°c. The patient became incontinent of urine and on 
the sixth day he lapsed intg shock. Blood pressure 
readings were as low as 60/40 mm. Hg. The pul- 
monary edema continued and the patient was given 
hypertonic glucose solution, salt-poor human serum 
albumin and adrenal cortical extract. While the blood 
pressure returned to levels of 152/96 mm. Hg, the 
urinary output on this day, obtained by catheter, was 
but 115 ml. On the seventh day the patient had an- 
other convulsive seizure and died shortly thereafter. 
On this final day no urine had been obtained from the 
catheter and the level of blood non-protein nitrogen 
was 180 mg. per cent. Blood pressures were recorded as 
low as 90/60 mm. Hg. 

On pathologic examination (Autopsy No. 5925) 
each kidney weighed 170 gm. There was some diminu- 
tion in the thickness of the cortex. ‘There were a few 
hemorrhagic areas, measuring up to 8 mm. in great- 
est dimension, located in the cortex and beneath the 
mucosa of the renal pelvis. Microscopically, the most 
conspicuous changes were related to the blood vessels. 
The interlobular arteries were markedly sclerotic. The 
lumens were greatly narrowed and obliterated at 


times by fibrous thickening of the intima. ‘The fibrous 
tissue was fairly cellular and compact. The internal 
elastic membrane was variously frayed, reduplicated 
and occasionally disrupted. The media, in some areas, 
had become atrophic. Many afferent arterioles were 
necrotic. The landmarks of the walls were obscured by 
eosinophilic fibrillar material which enmeshed num- 
bers of erythrocytes, nuclear detritus, platelets and 
unidentified hyaline substance. With phosphotungstic 
acid-hematoxylin stain, both the homogeneous and 
fibrillar material were found to resemble fibrin. The 
process of necrosis extended into segments of affected 
glomeruli. (Fig. 1.) Some of these glomeruli were 
greatly engorged with blood. In a few instances 
necrosis was taking place in the internal portions of 
the sclerotic arteries as well. In one hilar branch of 
the renal artery a dissecting aneurysm was present. 
The other branches were not involved and revealed 
only reduplication of the internal elastic lamella. 
Small areas of recent cortical infarction were present. 
A similar pattern of arteriolar and parenchymal 
necrosis was found in the pancreas. 


Summary: A sixty-six year old man with pro- 
gressive systemic sclerosis of at least three 
months’ duration was found to have sclero- 
derma, hypertension, retinopathy and congestive 
heart failure, together with proteinuria and 
increased blood non-protein nitrogen. While 
hospitalized he had several convulsive seizures, 
pulmonary edema developed and, coincident 
with a period of shock, he lapsed into acute renal 
insufficiency, dying on the seventh hospital day. 
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The kidneys presented extensive vascular dam- 
age with internal thickening of interlobular 
arteries and necrosis of afferent arterioles 
extending into segments of glomeruli. Material 
resembling fibrin was found deposited in the 
vessel walls. A dissecting aneurysm was noted in 
a hilar branch of the renal artery. 


CasE ul. V. M., a forty-four year old white house- 
wife, was admitted to the Clinical Center of the Na- 
tional Institutes of Health (No. 00-08-23) on Novem- 
ber 30, 1953, with the chief complaint of painful 
stiffness of the fingers, shoulders, knees and ankles 
since June, 1953. | 

Soon after the appearance of these symptoms the 
patient noted progressive tightening of the skin over 
the extremities, face and trunk, and the development 
of Raynaud’s phenomenon. She received a variety of 
medications for “‘arthritis’ without significant im- 
provement. In October, 1953, she received ACTH 
for several weeks and there was considerable relief of 
pain and stiffness. On corticotropin, however, a 
violent pustular acne developed; the hormone was 
discontinued and the patient given hydrocortisone, 
which she received during the month of November, 
1953, but there was little symptomatic relief. ‘There 
had been a weight loss of approximately 18 pounds 
during the past one and a half years. 

On examination the patient was well developed and 
alert. The temperature was normal, the pulse, 96; and 
the blood pressure, 114/66 mm. Hg. Marked pustular 
acne was noted on the arms, chest, face, chin and neck, 
with venous telangiectasia of the face and chest. 
There was considerable hardening and thickening of 
the skin of the fingers, forearms, face, chin and neck; 
the skin of the chest, back and abdomen was of fairly 
normal consistency. There was a diffuse increase in 
pigmentation and spotty vitiligo with non-pitting 
edema of the hands. The lungs were clear and the 
heart of normal size with regular action. There was 
considerable stiffness of the fingers with limitation in 
the closure of the hands, together with stiffness and 
limitation of shoulder motion in all directions. ‘The 
knees were slightly swollen and there was a patellar 
click on the right knee but no unusual joint redness or 
warmth. 

The urine analysis was normal. The hemoglobin 


was 12.5 gm. per cent and the hematocrit, 41 per cent. 


The white blood cell count was 14,400 per cu. mm. 
and the differential count was normal. Blood chemical 
determinations included normal values for urea 
nitrogen and sugar. The total protein was 6.6 gm. per 
cent (2.4 gm. per cent albumin, 4.2 gm. per cent 
globulin). The initial electrocardiogram disclosed ab- 
normal T wave changes which were characterized by 
inversion of the T wave in leads m and V 1-3. X-ray 
films of the chest and the bony structures of the 
extremities were considered within the range of nor- 
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mal. The esophagus was found to be dilated and there 
was absence of normal peristaltic activity. 

The patient was provided with a regular diet. ‘The 
temperature, which had been normal on the first hos- 
pital day, soon began to rise regularly to levels of 
38°c. Blood and urine proved sterile on numerous 
cultures. A cough developed which was productive 
of mucopurulent sputum, culture of which revealed 
S. albus and H. influenzae. The fever persisted during 
the course of and following the discontinuation of 
penicillin and streptomycin. The patient noted con- 
siderable increase in the stiffness of her joints and 
development of intermittent edema of the ankles. 
This was associated with increased stiffness and tight- 
ening involving the face, neck and extremities. There 
was a fall in serum albumin level to 1.8 gm. per cent. 
The globulin was 4.5 gm. per cent. The urine re- 
mained free of protein, and the specific gravity 
ranged as high as 1.024. Four days prior to death the 
patient had a sensation of gagging in the area of the 
oropharynx, which resulted in considerable difficulty 
in swallowing solids or fluids. Cortisone was given 
for three days at the beginning of the twelfth hospital 
week, in a daily dose of 100 mg. The marked weakness 
and gagging persisted, however, and the patient died 
suddenly. The blood pressure had ranged from 110—- 
132/50-74 mm. Hg. Urine output on day prior to 
death was 472 ml. The concentration of blood urea 
nitrogen was 41 mg. per cent. 

On pathologic examination (Autopsy No. A54-7) 
the kidneys were of normal size. The surfaces were 
pale and were devoid of hemorrhages. ‘The cortex was 
of normal width and the corticomedullary demarca- 
tion was distinct. Microscopic examination disclosed 
widespread and severe, although focal, lesions of 
vessels and parenchyma. The vessels involved were 
primarily afferent arterioles and glomerular capil- 
laries, although some arcuate and interlobular arteries 
and interstitial arterioles were also affected. Vessel 
walls were necrotic and impregnated with fibrin, their 
lumens occluded by fibrin clot. Focal infarction of the 
glomeruli was a characteristic feature. Some of the 
arteries presented focal areas of fibrosis; these were 
principally intimal, their appearance suggesting 
healing of preceding lesions. There was severe hyaline 
droplet degeneration of the collecting tubules. (Fig. 2.) 
Inflammatory reaction was conspicuously lacking. 
In addition to this involvement of renal vessels, 
necrotic and thrombotic changes were present in the 
arteries, arterioles and capillaries of the myocardium, 
pancreas, adrenal and sympathetic ganglia. 


Summary: A forty-four year old woman with 
scleroderma of nine months’ duration died 
within three months after manifestations of a 
progressive systemic illness with fever, dysphagia 
and arthritis developed. Pathologic examination 
disclosed extensive renal lesions which were 
characterized by acute necrosis and thrombosis 
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Fic. 2. Case u. Photomicrograph illustrating hyaline droplet degeneration in col- 
lecting tubules. Original magnification, & 385. 


of the intrinsic arteries and afferent arterioles, 
with focal necrosis of glomeruli and severe degen- 
erative changes in the tubules. Neither hyper- 
tension nor renal insufhciency had developed 
during the clinical course. 

Case ur. M. B., a twenty-six year old white house- 
wife, was admitted to the Maxwell Air Force Base 
Hospital (Register No. 102-183) on July 6, 1954 
following a convulsive seizure. * 

The patient had been well until 1951, when there 
was marked color changes in her legs on exposure to 
cold. In June, 1952, she noted swelling and stiffness 
of her hands and feet, and general malaise. In a matter 
of months the skin of her hands and feet became red 
and shiny. She received lipoadrenal extract and there 
was some improvement in her condition. By October, 
1952, the patient had marked stiffness in her hands 
and at that time she was treated with thyroid extract 
but there was no relief. Beginning December, 1952, 
she received cortisone for two months, at the end of 
which time orthopnea developed. The drug was 
discontinued and the orthopnea cleared. She was 
admitted to the Clinical Center of the National Insti- 
tutes of Health (No. 00-02-41) in August, 1953, where 
she remained for a period of four months. She was 
noted to have generalized thickening of the skin. The 
blood pressure was 100/60 mm. Hg. Sibilant rales 
were heard at both lung bases. The heart was normal 
except for an apical systolic murmur. There were 
contracture deformities of the proximal inter- 
phalangeal joints in both hands, with limitation of 
motion of the fingers. Marked limitation of motion was 


* This case has been reported independently [79]. 


observed in both elbows as well as in the shoulders, 
hips, knees and ankles. Several urine examinations 
were normal, as were the blood count and blood urea 
nitrogen concentration. Attempts were made to alter 
the course of her disease with thyroid and antithyroid 
substances without notable effect. Following her dis- 
charge there was little change in her condition until 
July, 1954. Early in the month the patient exper- 
ienced some blurring of the vision and on July 6, 1954, 
puffiness of her eyelids developed. On that day she 
suddenly lost consciousness and was brought to the 
Maxwell Air Force Base Hospital, where she was 
observed to have a grand mal seizure. 

At the time of admission the patient was semicoma- 
tose. The blood pressure was 170/130 mm. Hg. The 
skin was smooth and shiny over the fingers, and dark 
and thickened over the hands, arms, face, chest and 
legs. There were whitish exudates in both fundi, and 
narrowing and tortuosity of the arterioles was noted. 
The heart was of normal size and there was an apical 
systolic murmur. The previously mentioned joint 
changes were again noted. 

The urine contained 4 plus protein and there were 
3 to 5 white blood cells, 7 to 9 red blood cells and 1 to 
2 granular casts per highpower field. ‘The hematocrit 
was 43 per cent, the white cell count was 24,500 per 
cu. mm. with 90 per cent neutrophils. Lupus cell 
preparations were negative. The blood urea nitrogen 
concentration was 33 mg. per cent; the serum albu- 
min, 3.2 gm. per cent and the globulin, 3.4 gm. per 
cent. Roentgenogram of the chest appeared normal. 
An electrocardiogram revealed sinus tachycardia with 
depressed S-T segments. Lumbar puncture disclosed 
clear cerebrospinal fluid under normal pressure. 
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Fic. 3. Case m1. Photomicrograph illustrating focal fibrinoid necrosis of afferent 
arterioles and glomerular capillaries. Original magnification, X 205. 


Fic. 4. Case m1. Photomicrograph of portion of interlobular artery, stained with 
phosphotungstic acid-hematoxylin, illustrating fibrinous character of the intra- 
mural fibrinoid material. Original magnification, X 385. 


‘The patient remained comatose during the first day 
in the hospital and, despite administration of paralde- 
hyde and 50 per cent magnesium sulfate, she had 
additional convulsions. The blood pressure continued 
to rise to levels of 250/150 mm. Hg. Cheyne-Stokes 
respiration developed. Following intravenous admin- 
istration of hydralazine hydrochloride (apresoline®), 
the blood pressure fell slightly. She received apresoline 
for the next five days with blood pressure maintained 
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around 170 systolic mm. Hg. The patient regained 
consciousness and was able to take food by mouth. 
After six davs, however, she had another convulsion 
and the blood pressure rose to 240/150 mm. Hg in 
spite of continued administration of apresoline. At 
this point melena developed, and the hematocrit was 
found to be 29 per cent. The apresoline was discon- 
tinued and in its place treatment with alkavervir 
(veriloid®) begun. The systolic blood pressure was 
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Fic. 5. Case mt. Photomicrograph of interlobular artery stained with orcein and 
hematoxylin-eosin, illustrating fibrous intimal thickening and fibrinoid necrosis. 


Original magnification, & 55. 


now maintained below 200 mm. Hg but the course 
was steadily downhill. On the seventh hospital day the 
blood urea nitrogen measured 69 mg. per cent and the 
hematocrit, 16 per cent. She received 1,300 ml. of 
whole blood. Urine output diminished steadily. On 
the ninth hospital day the blood urea nitrogen was 
102 mg. per cent (later rising to 141 mg. per cent), 
and the measured urine output was 16 ml. The patient 
died on the seventeenth hospital day, having excreted 
only 375 ml. of urine in the eight days prior to death. 
On pathologic examination (Autopsy No. A55-47) 
the right kidney weighed 175 gm. and the left 170 gm. 
The surfaces were smooth and the section a mottled 
reddish-white. On microscopic examination wide- 
spread vascular lesions were found, involving inter- 
lobular arteries, afferent arterioles and glomerular 
capillaries. ‘There was focal necrosis of the glomerular 
capillaries and afferent arterioles. The lumina were 
filled with thrombus material composed of compact 
hyaline eosinophilic material and a few red cells. 
(Fig. 3.) On phosphotungstic acid-hematoxylin stain- 
ing, this material, which was present in the wall of 
other vessels as well as in the glomeruli, appeared 
blue and had the retiform fibrillar character of fibrin. 
(Fig. 4.) Portions of the vessel wall so affected were 
necrotic. There was thickening of the intima by cellu- 
lar fibrous tissue and mononuclear (endothelial) cells, 
and disruption, reduplication and fraying of the 
elastica. (Fig. 5.) There were widespread although 
focal infarctions of the cortex. In some of these areas 
there was early softening with infiltration of poly- 
morphonuclear leukocytes, in others there was con- 
siderable hemorrhagic extravasation as well. Similar 


arteriolar lesions were present in the pancreas. A 
hemorrhagic ileitis was the apparent basis for the 
gastrointestinal bleeding. 


Summary: A twenty-six year old woman with 
diffuse scleroderma of three years’ duration had 
convulsive seizures and was found to have severe 
hypertension, retinopathy and proteinuria, with 
slightly elevated blood urea nitrogen for the first 
time seventeen days before death. Coincident 
with the administration of hydralazine and later 
of alkavervir there developed massive gastro- 
intestinal tract hemorrhage, followed by renal 
shutdown and death. Pathologic examination 
revealed extensive necrosis and thrombosis of the 
smaller renal arteries and arterioles, with wide- 
spread focal necrosis of the cortex. 


Case Iv. G. D., a fifty year old white insurance 
man, was admitted to the Georgetown University 
Hospital (No. 61457) on December 21, 1954 two days 
following the onset of convulsions. 

The patient had been in good health until two 
years before admission when arthritis of the hands 
developed. A year later he noted thickening and cold- 
ness of the skin of the hands and forearms. When ex- 
amined two months prior to admission he was found 
to be normotensive (120/70 mm. Hg). The patient 
was given phenylbutazone (butazolidin®) at that 
time, receiving a daily dose of 0.2 gm. and there was 
some improvement in the “‘arthritis.”’ A month there- 
after he underwent bilateral cervical sympathectomy. 
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Two days before admission headaches developed, he 
had several convulsive seizures and lost consciousness. 
There was no past history of hypertension or renal 
disease. 

On examination, the patient was stuporous. The 
blood pressure was 220/120 mm. Hg. The skin over 
the hands, forearms, face and lower legs was thick 
and tight. The pupils were unequal and reacted 
sluggishly to light. The fundi displayed narrowing of 
the arterioles with nicking, and there were hemor- 
rhages and exudates. There was cardiomegaly and a 
gallop rhythm. Moist rales were present at the lung 
bases. 

The urine specific gravity ranged from 1.005 to 
1.015. Qualitative protein reactions were 1 to 2 plus, 
total excretion was 0.7 gm. protein per twenty-four 
hours. The sediment contained occasional red blood 
cells, white cells in clumps, and granular, hyaline, and 
red cell casts. No ‘“‘glittering leucocytes” [20] or 
doubly refractile bodies were demonstrable. The urine 
proved sterile. ‘The hematocrit was 32 per cent, the 
reticulocyte count was 2.8 per cent and the white 
blood cell count was 5,900 per cu. mm. with 68 per 
cent neutrophils, 15 per cent lymphocytes, 9 per cent 
band forms, 6 per cent monocytes and 2 per cent 
eosinophils. The blood urea nitrogen concentration 
was 44 mg. per cent; serum albumin, 3.3 gm. per 
cent and serum globulin, 3.3 gm. per cent. The elec- 
trocardiogram was normal. Chest x-ray revealed 
perihilar fibrotic changes bilaterally; the heart ap- 
peared of normal size. Esophagram was normal. An 
electroencephalogram disclosed low voltage fast activ- 
ity with a bitemporal focus. Needle biopsy of the 
kidney was performed. The vascular lesions which 
were found are noted in the summary. 

The patient was given cryptenamine (unitensen®) 
intravenously at the time of admission, the blood pres- 
sure falling to 150/80 mm. Hg. Later in the day he 
experienced a generalized convulsion. The spinal 
fluid was found to be clear and cell-free; the initial 
pressure was 180 mm. water and the protein concen- 
tration was 150 mg. per cent. On the following day he 
was given pentolinium tartrate (ansolysen®) 120 mg. 
per day and reserpine (serpasil®) 0.75 mg. per day, 
these drugs being continued until the nineteenth 
hospital day, when he was given alkavervir (veriloid), 
9 mg. per day. While there was some diminution in 
the arterial pressure, the patient continued semi- 
comatose, becoming increasingly oliguric. Daily 
urine outputs were less than 400 ml. The level of blood 
urea nitrogen rose to 105 mg. per cent. The patient’s 
blood pressure was 200/100 mm. Hg on the twenty- 
third day, when he again had generalized convulsions. 
He died three days later. 

On pathologic examination (Autopsy No. 55A21) 
the kidneys weighed 165 and 170 gm. The cortical 
boundaries were poorly demarcated. There were 
three areas of hemorrhagic infarction, averaging 
10 mm. in diameter. Vascular lesions of several sorts 
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were found in the kidney. All the interlobular arteries 
had a marked degree of sclerosis Their intima was 
greatly thickened, at the expense of the lumen, by 
laminated fibroelastic tissue. In some of these arteries, 
basophilic interstitial mucoid material was present. 
The internal elastic lamella was reduplicated and 
frayed. In places, the media had become atrophic. 
In some of the arteries a coagulum of hematic ele- 
ments—fibrin, red cells and amorphous material 
(platelets)—occupied the lumen. In one or two 
places the wall of the vessel was necrotic too, and 
fragmented nuclear material was present within it. 
The walls of several juxtamedullary arterioles were 
necrotic and infiltrated with fibrillar eosinophilic ma- 
terial resembling fibrin. There were small areas of 
cortical infarction, and in one of these, calcification of 
the necrotic tissue was noted. This calcification in- 
volved the infarcted glomerulus as well as the tubules. 
There was little glomerular alteration in the viable 
portions of the cortex. Proliferative lamination of the 
intima and areas of arteriolonecrosis and thrombosis 
were also noted in the vessels of the spleen, pancreas 
and adrenals. 


Summary: A fifty year old white man presenting 
a two-year history of scleroderma with joint 
complaints had convulsions two months follow- 
ing institution of phenylbutazone and one month 
following bilateral cervical sympathectomy. He 
was found to have marked hypertension, diffuse 
scleroderma, retinopathy, cardiomegaly with 
gallop rhythm, and bilateral rales. There was an 
anemia of moderate degree, proteinuria, ab- 
normal urinary sediment, elevated blood urea 
nitrogen and perihilar pulmonary fibrosis. 
Treatment with a variety of antihypertensive 
agents failed to avert progressive renal failure, 
additional convulsions, and death in twenty- 
three days. Examination of the kidneys disclosed 
extensive vascular lesions, consisting of sclerosis 
of interlobular arteries, necrosis of the arteriolar 
walls, and areas of cortical infarction. 


v. J. H., a forty-five year old white house- 
wife, was admitted to the Georgetown University 
Hospital (No. 62513) on February 6, 1955 with a 
history of high blood pressure, arthritis and tightening 
of the skin. 

The patient had been well until two years previ- 
ously, when puffiness of the eyes developed and she 
was found to be hypertensive. She was given a diet 
with low salt content. A year later she noted increasing 
stiffness of the fingers and swelling of the hands, later 
replaced by a gradual thickening of the skin over the 
hands and forearms. Her hands turned a mottled blue 
on exposure to cold. Beginning five weeks before admis- 
sion she was given cortisone and pentolinium tartrate 
(ansolysen). Three weeks later persistent occipital 
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headaches with blurring of vision developed. The 
patient had had hypertension in the last trimester of 
her only pregnancy, eleven years before. There were 
no other findings of toxemia and the blood pressure 
returned to normal levels postpartum. There was no 
history of renal disease or of cardiac insufficiency. 
The patient appeared chronically ill and pallid. The 
temperature was normal, the pulse 110, blood pres- 
sure 180/110 mm. Hg. The skin was tight, thick and 
shiny over the hands and forearms, about the eyes and 
mouth, and over the nose. Examination of the fundi 
disclosed blurring of the discs, with arteriolar narrow- 
ing, hemorrhages and exudates. There were a few 
scattered rales at both lung bases. The heart was en- 
larged and there were no murmurs. [here was limita- 
tion in flexion and extension of the fingers and elbows. 
The urine specific gravity ranged from 1.005 to 
1.013. There was a qualitative proteinuria of 1 to 3 
plus. The protein excretion totalled 1.2 gm. per 
twenty-four hours. There were many granular and 
hyaline casts as well as broad renal failure casts. There 
were 6 to 20 white blood cells per high power field 
in occasional clumps. Sternheimer-Malbin stain 
revealed the presence of “glittering leucocytes” [20]. 
The hematocrit was 27 per cent, red cell count, 2,900,- 
000 per cu. mm., and white cell count, 12,000 (77 per 
cent neutrophils, 13 per cent lymphocytes, 6 per cent 


monocytes, 4 per cent eosinophils). At the time of 


admission the blood urea nitrogen concentration was 
74 mg. per cent. The electrocardiogram revealed in- 
verted T waves in the precordial leads, with S-T seg- 
ment depression. X-ray examination of the chest 
disclosed bilateral pulmonary fibrosis with cardiac 
enlargement and tortuosity of the aorta. The esopha- 
gus and upper gastrointestinal tract appeared normal. 

The patient was given a diet with daily sodium 
content of 200 mg. and liberal quantities of fluids, 
without increase in the urinary output. In a period of 
two days she received 320 mg. of hydrocortisone and 
120 mg. of hydralazine (apresoline). Six days fol- 
lowing discontinuation of these medications a diastolic 
gallop and pulmonary rales developed. The daily 
urinary Output decreased steadily from a high of 
875 ml. and on the ninth hospital day was but 145 ml., 
at which time the blood urea nitrogen was 167 mg. per 
cent. The following day the patient died following a 
grand mal seizure. 

On pathologic examination (Autopsy No, 55A73) 
the kidneys weighed 120 and 115 gm. There was 
coarse, grey-yellow surface granulation. The cortex 
was irregular and thin, with poor demarcation. Micro- 
scopic section of the kidney revealed extensive vascular 
lesions of several sorts. Most conspicuous was necrosis 
of afferent arterioles and their extensions into seg- 
ments of the tufts of some of the glomeruli. The land- 
marks of their walls were obliterated by a fibrillar 
eosinophilic material that resembled fibrin. At times 
this material enmeshed red cells. In some of the vessels 
the coagulum occluded the lumen and infiltrated the 


wall. The interlobular arteries and their branches 
presented sclerotic changes of moderate to marked 
degree. The intima was thickened by circumferentially 
laminated fibrous tissue with resultant variable nar- 
rowing of the lumen. In many instances basophilic 
intercellular mucoid material was included in the 
sclerotic intima. The internal elastic lamella was 
disrupted, frayed and reduplicated, and the medial 
coat frequently atrophic. There were small areas of 
cortical infarction as well as focal necrosis of individual 
glomeruli. Some of the tubules were slightly dilated 
and contained cast material. A few of the glomeruli 
were hyalinized, but there was no conspicuous sclero- 
sis of the viable glomeruli. Areas of arteriolar thrombo- 
necrosis were found in trachea, pleura, myocardium 
(dense fibrous tissue with scattered focal hemor- 
rhages), esophagus, stomach and colon. 


Summary: Frank scleroderma developed one 
year before death in a forty-five year old white 
hypertensive woman. She was admitted to the 
hospital with blurring of vision and headache of 
three weeks’ duration. She was found to have 
marked hypertension, retinopathy, cardiac en- 
largement and_= scattered pulmonary rales. 
Anemia, proteinuria and roentgenographic evi- 
dence of pulmonary fibrosis were noted. Coinci- 
dent with brief administration of hydrocortisone 
and hydralazine there was steady diminution in 
urinary Output and increasing azotemia, cul- 
minating in convulsion and death. Examination 
of the kidneys revealed extensive vascular lesions 
including necrosis of the afferent arterioles, 
intimal thickening of the interlobular arteries 
and small areas of cortical infarction. 


Case vi. <A. C., a forty-seven year old white house- 
wife, was first admitted to the Presbyterian Hospital 
of Pittsburgh (No. D-1851) on October 17, 1954, with 
the chief complaint of pain in the arm and roughening 
of the skin. The patient had noted the onset of Ray- 
naud’s phenomenon one and one-half years before, 
soon followed by stiffness and hyperpigmentation of 
the skin of the fingers and toes. She received ‘“‘steroids”’ 
for an undetermined length of time and was later 
advised to undergo sympthectomy. There had been a 
60 pound weight loss during this illness. There was no 
history of dysphagia, renal disease or hypertension. 
Physical examination disclosed normal pulse and 
temperature and blood pressure of 130/85 mm. Hg. 
The skin over the extremities was thickened and shiny. 
The lungs and heart were normal. Flexion deformities 
were noted in the fingers, elbows and knees. The urine 
was of specific gravity 1.010 and was free of protein. A 
few leukocytes were noted in the sediment. The 
hematocrit was 39 per cent, hemoglobin, 11 gm. per 
cent and the white blood cell and differential counts 
were normal. The blood non-protein nitrogen con- 
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Fic. 6. Case v1. Photomicrograph of interlobular vessel illustrating thickening of 
intima with narrowing of the lumen. Original magnification, 140. 


centrauion was 33 mg. per cent. The cardiac contour 
appeared normal on roentgenographic examination 
and the electrocardiogram revealed no abnormalities. 
Esophageal study disclosed minimal cardiospasm. 
During the first week preceding operation (left 
thoracic sympathectomy, T, to T,), the patient re- 
ceived 50 mg. of cortisone daily following an initial 
dose of 300 mg. per day. Following the surgical pro- 
cedure it was noted that the left arm had become 
warmer and more freely movable. The blood pressure 
during the pre-operative period was in the range 
118-130/74—-94 mm. Hg and postoperatively meas- 
ured 96—-120/64-90. The patient was discharged on 
November 11, 1954. 

She was re-admitted on January 4, 1955 for right 
thoracic sympathectomy. It was noted that the left 
hand had continued to improve, with increased warmth 
and diminished swelling. The patient had begun to 
experience frequent fronto-occipital headaches and 
generalized joint aches. Her temperature was again 
normal and the pulse 80/min. The blood pressure was 
now 170/110 mm. Hg. The fundi were described as 
normal. The right arm was swollen and the fingers 
were cold, pale and sweaty, while the left arm was 
warm. Two urine examinations were obtained. The 
specific gravities were 1.005 and 1.015, and protein 
1 and 2 plus. The sediment contained many leuko- 
cytes. The hematocrit was 33 per cent; hemoglobin, 
11 gm. per cent; and white blood cell count 4,000 per 
cu. mm. with eosinophils 7 per cent. The concentra- 
tion of blood non-protein nitrogen was 40 mg. per 
cent. A right-sided syfnpathectomy (C; to T;) was 
performed, following which the right arm and hand 
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became warmer. The blood pressure in the postopera- 
tive period ranged around 140/102 mm. Hg. The 
patient left the hospital on January 16. 

A few days later she noted the onset of dyspnea and 
progressive impairment in visual acuity. A week before 
her final admission to the hospital (February 3, 
1955) the hematocrit was 21 per cent and hemoglobin 
was 7.7 gm. per cent. The specific gravity of the urine 
was 1.010 to 1.012, and there was 4 plus protein and 
an abundance of red cells and broad granular and 
waxy Casts. 

On this admission the patient was markedly lethar- 
gic. The pulse rate was 90/min. and blood pressure 
140/90 mm. Hg. The pupils were dilated and fixed. 
There was bilateral papilledema and hemorrhages 
and exudates. Rales were present at both lung bases. 
The heart was enlarged and there was a soft systolic 
murmur. There was much muscle twitching. She was 
given digitalis, parenteral fluids, and 400 mg. of 
cortisone by intramuscular injection. She died on the 
second hospital day while undergoing hemodialysis. 
The concentration of blood non-protein nitrogen had 
been found to be 211 mg. per cent. 

On pathological examination (Autopsy No. A-5523) 


the right kidney weighed 150 gm., the left 160 gm. ‘The 


surfaces were pale and coarsely granular with a 
moderate number of petechial hemorrhages. Micro- 
scopic examination disclosed many large subcortical 
areas of hemorrhagic necrosis. There was intimal 
proliferation and thickening in the smaller arteries 
and arterioles with luminal narrowing and areas of 
acute fibrinoid necrosis. (Figs. 6, 7.) Some of the 
glomeruli were completely scarred, others were 
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Fic. 7. Case v1. Photomicrograph illustrating fibrinoid necrosis of afferent arteriole 
extending into glomerular tuft. Original magnification approximately, X 200. 


Ole 


Fic. 8. Case vi. Photomicrograph of pancreas illustrating fibrinoid necrosis in- 
volving almost the entire wall of small arteries. Original magnification, X 200. 


enlarged and ischemic. Similar vessel changes were 
noted in the arterioles of the pancreas, spleen, uterus 


and adrenals. (Fig. 8.) 


Summary: Hypertension first developed ap- 
proximately two months following a left thoracic 
sympathectomy in a forty-seven year old woman 


with scleroderma of one and one-half years’ 
duration. Within a period of another month, 
during which time contralateral sympathectomy 
was effected, there was progressive impairment 
in renal function, the patiént dying in uremia. 
The small vessels of the kidney were found to be 
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thickened and, in places, necrotic. There were 
many areas of cortical infarction. 


CasE vu. J. P., a forty-three year old white house- 
wife, was admitted to the Presbyterian Hospital of 
Pittsburgh (No. C.-1937) on November 14, 1952 in a 
comatose state. 

‘The patient had noted the development of swelling 
of the feet about a year before admission. ‘This had 
been followed by swelling, stiffness, and later gradual 
thickening and hyperpigmentation of the skin of the 
hands. She had received daily injections of ACTH for 
a period of two months, after which she experienced a 
generalized convulsion, and was found to have a blood 
pressure of 210/110 mm. Hg. There had been no hy- 
pertension prior to this time. In the ensuing two weeks 
the patient had repeated vomiting, progressive 
oliguria and, after several more convulsions, lapsed 
into coma. The blood non-protein nitrogen concentra- 
tion had risen to 228 mg. per cent. 

On examination the patient was comatose and 
tachypneic. The temperature was 102°F., the pulse 
122, the blood pressure 160/98 mm. Hg. The skin was 
taut and thickened and there were numerous acne- 
form lesions. The face was rounded. The small pupils 
reacted to light and accomodation. The optic discs 
were edematous and there were numerous flame- 
shaped hemorrhages and exudates. The heart was 
enlarged. ‘The lungs were clear. Loose black bloody 
stool was present on the bed sheet. 

The hemoglobin was 11 gm. per cent, and the 
white blood cell count 18,500 per cu. mm., 82 per 
cent of which were neutrophils. The specific gravity of 
the urine was 1.014, and there was 1 plus protein. 
There were granular casts and a few white blood cells 
in the sediment. The urine and blood were sterile to 
culture. The blood non-protein nitrogen was 196 mg. 
per cent. The serum albumin level was 2.2 gm. per 
cent and the globulin was 2.3 gm. per cent. 

The patient remained in coma until the time of 
death on the eighth hospital day. She was given 
200 mg. of cortisone daily, by intramuscular injection. 
Receipt of fluids and hemodialysis with an artificial 
kidney resulted in some temporary correction of 
electrolyte imbalance without, however, any con- 
comitant improvement in clinical state. The urinary 
output fell as low as 88 ml. per day. Frequent liquid 
stools contained dark red blood. The blood pressure 
hovered initially around 180/110 mm. Hg, falling 
terminally to levels as low as 100/60. The patient died 
on the eighth day, following numerous convulsions. 
Permission for postmortem examination was not 
obtained. 

Summary: A forty-three year old woman with 
scleroderma of a year’s duration experienced a 
convulsion after receiving ACTH daily for a 
period of two months. When hospitalized two 
weeks later the patient was comatose, and was 
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found to have hypertension, papilledema, reti- 
nopathy, cardiomegaly, melena, proteinuria and 
marked azotemia. There was continued gastro- 
intestinal bleeding and progressive diminution in 
renal function, the patient died eight days after 
admission to the hospital. 


Case vir. F. G., a fifty year old white female 
furrier, was admitted to the Presbyterian Hospital of 
Pittsburgh (No. D-316) on February 18, 1954, with 
the chief complaint of tightness of the skin of three 
months’ duration. 

The patient had first noted swelling of the legs in 
April, 1953, followed by dryness, hyperpigmentation 
and thickening of the skin. There was marked 
tightening of the face, hands arms and legs. Biopsy of 
skin from the arm in November, 1953 was considered 
indicative of scleroderma. The patient had received 
four injections of ACTH and an _ undetermined 
amount of cortisone prior to admission. There was no 
previous history of hypertension or renal disease. 

The temperature was normal, the pulse 100, the 
blood pressure 210/90 mm. Hg. There was marked 
tightness and hyperpigmentation of the skin. ‘The optic 
disks were blurred in outline, but no hemorrhages or 
exudates were noted. The heart was enlarged. ‘There 
were no murmurs. The lungs were normal. The 
remainder of the examination was not remarkable 
save for limitation in extension of the fingers. 

The urine contained 2 plus protein and the 
sediment a few white blood cells. Blood hemoglobin 
concentration was 9.5 gm. per cent; hematocrit, 36 
per cent; and white blood cell count, 14,700 per cu. 
mm. Of these cells 87 per cent were neutrophils and 
13 per cent lymphocytes. The blood non-protein 
nitrogen level was 104 mg. per cent. A roentgenogram 
of the chest revealed cardiomegaly and _ bilateral 
accentuation of the bronchovascular markings. There 
was low voltage in the limb leads of the electrocardio- 
gram, and depression of the S-T segment. 

On the morning of the third hospital day the patient 
suddenly became extremely apprehensive. She was 
found to be gasping and cyanotic, and died soon after. 
Permission for postmortem examination was not 
obtained. 


Summary: A fifty year old woman with sclero- 
derma of ten months’ duration, was found to 
have hypertension, papilledema, cardiomegaly, 
anemia, proteinuria and moderate azotemia 
when hospitalized three days before death. She 
died soon after the sudden development of 
respiratory distress. 


Case tx. E. R., a fifty-one year old white female 
clerical worker, was admitted to the George Washing- 
ton University Hospital (No. 1-28716) on December 
1, 1954 with the chief complaint of headache of three 
weeks’ duration. 
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The patient first noted stiffness and tightness of the 
fingers, wrists and forearms in December, 1952. She 
consulted a physician in March, 1953, who noted that 
the blood pressure was 140/85 mm. Hg and that the 
hands were reddened, with early atrophy of the skin. 
A biopsy specimen was thought to be indicative of 
scleroderma. There was a faint trace of protein in an 
uncatheterized urine specimen, which had a specific 
gravity of 1.025. The patient had noted intermittent 
headaches over the past one and one-half years, 
occurring most frequently on arising in the morning. 
This generalized headache, accompanied by postural 
verugo, had become more severe in the three weeks 
prior to admission. For the past five or six months she 
had noted a sensation of fullness in the throat as if 
food were stuck in the chest. This fullness was relieved 
after belching, but a dull burning sensation persisted. 
The patient had had pain in the ankles and knees and 
elbows, lasting one or two days at a ume. [There was 
no previous history of kidney disease or of hypertension. 

The patient was well developed, well-nourished, 
alert and cooperative, in moderate distress from 
headache. [The temperature was normal, the pulse 96, 
respirations 18, blood pressure 224/120 mm. Hg. The 
skin was tense and shiny over the fingers, hands, 
wrists and extensor surfaces of the forearms. A small 
hemorrhage was noted in the right fundus and there 
was increased light reflex of the arteroles, but no 
nicking. [The lungs were clear. The heart was of nor- 
mal! size and regular in action. There was a soft, blow- 
ing systolic murmur heard at the aortic area. At the 
apex and over the adjacent precordium a _ short 
midsystolic murmur was present. 

The urine was alkaline, of specific gravity 1.012, 
and there was a trace of protein. [The hemoglobin 
was 12.7 gm. per cent; hematocrit, 40 per cent; and 
white blood cell count, 9, 100 per cu. mm. (69 per cent 
neutrophils, 4 per cent bands, 27 per cent lympho- 
cytes). X-ray studies disclosed abnormal activity of the 
esophagus, manifest by to and fro motion of the 
barium meal, and there was enlargement of the 
mucosal folds in the lower esophagus. There was an 
abnormal small intestinal pattern. Intravenous 
pyelography was considered normal as were chest 
films and a barium enema study. Electrocardiogram 
disclosed a prolonged Q-T interval with low T-waves. 
At the time of admission the concentration of blood 
non-protein nitrogen was 32 mg. per cent. 

There was some initial improvement in the head- 
ache but the patient continued to note a burning 
sensation in the esophagus. On the twelfth hospital 
day she became nauseated and began to take very little 
food. Pentolinium tartrate (ansolysen) was given on 
the thirteenth hospital day, followed by an abrupt fall 
in the blood pressure to levels of 140/80 mm. Hg. The 
patient became dizzy and confused. Nausea and vom- 
iting continued. The abdomen became distended, and 
bowel sounds hypoactive. On the seventeenth hospital 
day the patient became disoriented and, acute pul- 
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monary edema developed, she received aminophyl- 
line, mercurial diuretics and morphine. The blood 
non-prctein nitrogen this day was 48 mg. per cent 
and on the twenty-first hospital day had risen to 
138 mg. per cent. The urine now contained 3 plus 
protein, and there were clumped white cells in the 
sediment. The patient became comatose, with inter- 
mittent singultus and Cheyne-Stokes respiration. The 
heart enlarged and there was a pericardial friction rub 
and a diastolic gallop. The patient received hypertonic 
saline solution but remained in coma with gradually 
diminishing urinary output. Several daily urine out- 
puts of 300 ml. or less were noted. ‘The concentration 
of blood non-protein nitrogen rose steadily to a high of 
396 mg. per cent, and serum potassium levels to a 
high of 8.3 mEq./L. The blood pressure, which had 
fallen to levels of 130-150,70-90 mm. Hg when 
the patient was receiving pentolinium tartrate 
(ansolysen), rose to levels of 180-220/90-110 when 
this medication was discontinued, and remained at 
these higher levels unul shortly before death, when 
values of 75/40 mm. Hg were recorded. The tem- 
perature remained normal throughout until one week 
prior to death, when it ranged from 38 to 39°c. The 
patient died on the twenty-ninth hospital day. Per- 
mission for postmortem examination was not obtained. 


Summary: Severe hypertension with retinop- 
athy and proteinuria approximately seven weeks 
before death developed in a fifty-one year old 
woman with progressive systemic sclerosis of 
two vears’ duration. Coincident with a sharp 
reduction in blood pressure following the ad- 
ministration of pentolinium tartrate there 
ensued a course of rapidly developing cardiac 
failure, renal insufficiency and death. 


SUMMARY OF CASES 


There were seven women and two men in this 
group, ranging from twenty-six to sixty-six 
years in age. (Table 1.) The duration of symp- 
toms referable to progressive systemic sclerosis 
in each case totaled three years or less. In addi- 
tion to diffuse scleroderma, all the patients 
presented evidence of visceral dysfunction— 
commonly esophageal and/or cardiac. 

In seven patients the terminal illness was 
heralded by the development of headache and 
visual disturbances, followed in five by one or 
more generalized convulsions. In one case 
proteinuria was the earliest sign of renal disease, 
and in one patient there was no clinical evidence 
suggestive of such involvement. 

Six patients had in the past received ACTH 
and/or cortisone, and four of these were taking 
such medication either at the time of or shortly 
before the onset of their terminal symptoms. 
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[t is to be noted, however, that three patients 
had received neither ACTH nor adrenal cortical! 
steroids during the course of their illness. 

The clinical findings are given in Table u. 
All but one patient had marked arterial hyper- 
tension. Funduscopic changes included vessel 
narrowing, hemorrhages, exudates and, in four 
cases, papilledema. The cardiomegaly which 
was noted in all patients was accompanied in 
five by soft apical systolic murmurs. Evidence of 
pulmonary congestion was present in five pa- 
tients at the time of their admission to the 
hospital, and developed in three others shortly 
thereafter. | 

Proteinuria was found in eight cases, varying 
from 1 to 4 plus in qualitative reaction. In 
two patients in whom a quantitative estimation 
was made (G. D., J. H.) the protein excretion 
totaled 0.7 and 1.2 gm./twenty-four hours. 
Only two urines contained abnormal num- 
bers of red cells, described as **7 to 9 per high 
power field’? in one and *“‘many”’ in the other. 
In three instances there were increased numbers 
of white cells in the urine. A wide variety of 
casts was present in six of the urines. Red blood 
cell casts were noted but once. 

Estimates of blood urea nitrogen concentra- 
tion ranged as high as 167 mg. per cent and of 
non-protein nitrogen as high as 396 mg. per 
cent. Seven patients died with uremic coma or 
convulsions in a period of two months or less 
from the time of recognition of hypertension 
and /or renal-dysfunction. Postmortem examina- 
tion was performed in six cases. In five the 
kidneys were of normal size, in one they were 
reduced. The organs were pale and the coarsely 
granular surfaces were dotted with hemorrhagic 
infarctions. Microscopic examination revealed a 
characteristic triad of widespread, although 
focal, vascular lesions. These consisted of (1) 
intimal thickening of the small interlobular 
arteries and arterioles (Figs. 5 and 6), (2) 
fibrinoid necrosis involving the walls of afferent 
arterioles and glomerular loops (Figs. 1, 3, 5 
and 7), and (3) focal cortical infarctions. The 
renal tubular epithelium was the site of hyaline 
droplet degeneration. (Fig. 2.) Similar exam- 
ples of arteriolar thrombonecrosis were present 
in other organs, particularly frequently in the 
pancreas and adrenals. (Fig. 8.) 


COMMENTS 


Since Osler noted as early as 1892 that patients 
with scleroderma were ‘“‘apt to succumb to 
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pulmonary complaints or to nephritis’’ [2/], it is 
surprising that a detailed description of the 


‘renal involvement of progressive systemic sclero- 


sis has become available only recently. Despite 
this belated recognition it appears that renal 
damage is a common feature of this malady, 


TABLE I 
COMPOSITION OF PRESENT GROUP OF PATIENTS WITH 
PROGRESSIVE SYSTEMIC SCLEROSIS AND RENAL 
INVOLVEMENT 


Age | Dura- | 
: (yr.) | tion of | Organ | Previous 
Case | and | Iliness Involvement Therapy 
| Sex | (yr.) | 
| | 
ne Fe 66, M | 34% mo. Skin, esophagus, | Adrenal cortical 


| muscle, kidney* | extract 

| (terminally) 
nu, V. M. | 44,F | 8 mo. | Skin, esophagus, {| ACTH, hydro- 
| muscle, lung, cortisone, corti- 
sone (terminally) 


synovium, 
kidney* | 
ui, M. B. | 26, F 3 Skin, lung, heart, | Adrenal cortical 
kidney* | extract, thyroid 
extract, cortisone 
iv, G. D 50, M 2 Skin, heart, | Phenylbutazone, 
| kidney* | cervical 


| | | | sympathectomy 
| Skin, heart, esoph- | Cortisone, 


| agus, kidney* | hydrocortisone 

vi, A. C. 47, F | 2 | Skin, heart, | Cortisone, 

kidney* dorsal 

| | sympathectomy 
43, F | ] | Skin, heart, Cortisone 
| kidney (terminally) 

vin, F.G. | 50, F | 10 mo. | Skin, heart, ACTH, cortisone 

kidnev 


51, F 2 Skin, esophagus, 


heart, kidney 


| 


* Postmortem examination performed. 


lesions similar to those just described having 
been reported in a great number of the cases of 
progressive systemic sclerosis coming to post- 
mortem examination | 

The evidence of renal involvement in these 
patients ordinarily appears late in the course of 
illness and constitutes an ominous prognostic 
sign. Ihe clinical findings have varied from 
minimal proteinuria [27], through partial renal 
insufficiency [6,9,26] to complete renal failure 
and death in uremia | 73,74,24,25,29-32]. 

It is not uncommon to find marked renal 
lesions even in those patients who present little 
or no evidence of renal dysfunction before death. 
Thus Talbott et al. [23] noted extensive renal 
endarteritis with focal cortical necrosis in a 
young woman with a normal blood non-protein 
nitrogen level on the day of death. Mathison and 
Palmer [27] found “‘wire loop” glomerular lesions 
and infarctions in a woman with scleroderma 
dying in congestive heart failure with normal 
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TABLE II 
CLINICAL FEATURES IN PRESENT SERIES OF CASES OF PROGRESSIVE SYSTEMIC SCLEROSIS WITH 
RENAL INVOLVEMENT 


Urinary Findings | 
Terminal Con- | 
Patient | Terminal, Pressure | Blood Blood | 
Illness | (mm. Hg) Findings | Pro- Cells Cells | Blood | Medication 
(wk.) * | | tein | (per high | (per high | asts “a ee | 
| power power | | 
| field) field) | (mg. %) | 
| | | | | 
210/110 | Vessel narrowing, | 2 | Rare | | Many granular 
exudates | | | | 
| | | sional | | 
mu, M. B. 214 250/140 | Vessel narrowing, | 7-9 | 3-5 Granular 141 (B.U.N.) | Hydralazine, 
exudates | | alkavervir 
iv, G. D. 316 220/120 | Vessel narrowing, | 1-3 | Occa- | Occa- Granular | 105 (B.U.N.) | Cryptenamine, 
hemorrhages, | | sional sional hyaline red | pentolinium tartrate, 
exudates | cell | | reserpine, alkavervir 
180/110 | Vessel narrowing, | 6-20 Granular | 167 (B.U.N.) | Pentolinium tartrate, 
papilledema | hyaline renal | hydralazine 
hemorrhages, | failure | 
exudates | | | 
us. A. €. 4 170/110 | Papilledema, | 2-4 | Few — | Few— Many granular | 211 (N.P.N.) (Hemodialysis) 
hemorrhages, | | very | clumps and waxy, few 
exudates | many | hyaline 
via, J.P. 3 | 160/98 | Papilledema, | 1 | | Few Granular | 260 (N.P.N.) | (Hemodialysis) 
hemorrhages, | | | | | 
exudates | 
vi, F. G. | 3 days | 210/90 Blurring of disk | Few | | 104 (N.P.N.) Phenobarbital 
margins | | | 
=. | 7 224/120 | Vessel narrowing, _Clumps | | 396 (N.P.N.) Pentolinium tartrate 
| hemorrhages | 3 | 
| | | | 
* From time of recognition of hypertension and/or renal dysfunction to death. 
t Neither hypertension nor evidence of renal dysfunction developed. 
blood pressure and non-protein nitrogen and but — in which the clinical evidence of renal disease 
a ‘“‘trace’’ of protein in the urine. Similarly the can be observed is limited. Then, too, although 
second case described by Bevans [9], a fifty-six the renal lesions are widespread, they are pre- 
year old man with cutaneous, esophageal and dominantly focal in distribution, so that the 
cardiopulmonary disease, was found to have patient may die from other complications with- 
fibrinoid necrosis involving the wall of practi- out the development of renal insufficiency. 
cally every medium-sized and small renal artery. In those patients in whom frank evidence of 
Yet urine examination one week prior to the renal insufficiency does develop the course is one 
patient’s sudden death was normal and the of relentlessly progressive hypertension char- 
blood urea nitrogen was 43 mg. per cent. In acterized by marked retinopathy, cardiac 
case V. M., herein reported, although the urine failure, convulsions, profound oliguria and 
remained free of protein and with high specific uremia. The first symptoms may be those of 
eravity to the time of exodus, striking lesions headache and/or blurring of vision (J. H., 
were noted in the renal vessels. E. R.). In other cases (M. B., G. D.) convulsive 
Several observers have commented, in cases seizures have heralded renal involvement. 
such as these, upon the relative paucity of clinical The urinary abnormalities in our group of 


abnormalities compared to the impressive patho- cases are similar to those previously reported. 
logic alterations. Part of the explanation for this These findings include: moderate proteinuria, 
apparent disparity may lie in the rapidity of | small to moderate numbers of red cells, white 
progression of the renal lesions so that the period _ cells, and casts of various description, most 
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commonly granular and hyaline. Red cell 
casts were noted in one of our cases (G. D.). The 
urine of another (J. H.) contained the “‘granu- 
lar motility cells’ (‘‘glittering leucocytes’’) 
considered by Sternheimer and Malbin [20] to 
be highly suggestive of pyelonephritis but this 
diagnosis was not substantiated at the postmor- 
tem examination. 

Various reports have suggested that the de- 
velopment of renal lesions may have been 
related to treatment with ACTH or cortisone 
| 75-78]. We would note, however, that there are 
numerous reports describing such renal involve- 
ment in patients receiving neither of these 
agents [2,6,9,77,13,21—30,32-34]. Indeed many of 
these cases antedate the steroid era. In the series 
presently described two patients (G. D., E. R.) 
had had no steroid therapy, one patient (C. F.) 
received adrenal cortical extract only asa termi- 
nal procedure, and in another (M. B.) cortisone 
was given for only a short time and discontinued 
more than a year and a half before the onset of 
her final illness. In two of these cases (J. H., 
J. P.), however, and in two instances previously 
cited [75,76] the very dramatic onset of cardio- 
vascular-renal complications in a period of but 
days to weeks following the initial administra- 
tion of ACTH (or cortisone) does suggest some 
causal relationship. The patient reported by 
Lunseth et al. [75] became violently ill after 
receiving 475 mg. of ACTH over a period of 
four days, anuria developed and he died three 
days later following a convulsion. The pathologic 
findings were those of severe fibrinoid necrosis 
involving glomerular loops, afferent arterioles 
and interlobular arteries, with ‘‘no evidence of 
previous vascular or glomerular involvement.” 
Similar vascular fibrinoid necrosis was present 
in several other organs, including testes, esopha- 
gus, stomach and lungs. The patient observed by 
Sharnoff et al. [76] was a woman who had been 
receiving 100 to 125 mg. of cortisone daily for a 
period of approximately two months when 
this medication was discontinued and ACTH 
given for two days, only to be stopped when 
increasing hypertension and edema were noted. 
Within four days marked hypertension, papil- 
ledema and uremia developed, and _ several 
days later the patient died. ‘There was intimal 
fibrosis and obliteration of the lumina of inter- 
lobular arteries as well as small areas of wedge- 
shaped infarctions of the cortex. In contrast, the 
cases reported by Beigelman et al. [6], Bagnall 
and Robinson [77] and Bartels et al. [78] first 
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displayed evidence of kidney damage months 
after the institution of ACTH, and the renal 
vascular lesions were those of intimal hyper- 
plasia and fibrosis with cortical infarctions, 
suggesting a more chronic disturbance of renal 
vessels. It is not clear, therefore, whether ACTH 
actually induced the development of renal dam- 
age or merely accelerated the progression of 
already existing lesions. 

The development of hypertension and nephro- 
sclerosis in the rat given various anterior pitui- 
tary preparations or desoxycorticosterone acetate 
is well documented [35] and evidence of a permis- 
sive action of the adrenal cortical steroids upon 
vasoconstriction by nor-epinephrine has been 
described [36]. 

In the patient with already existing renal 
disease sufficient to produce azotemia, the 
catabolic action of the adrenal steroids com- 
plicates the problem by increasing the nitrogen 
and potassium loads presented to the failing 
nephrons. In such a case rising concentrations of 
blood non-protein or urea nitrogen may reflect 
this increased catabolism, rather than indicating 
increasing renal failure. 

The patients herein reported received a vari- 
ety of antihypertensive drugs in the course of 
their final illness. ‘These included such agents as 
pentolinium tartrate (ansolysen), hydralazine 
(apresoline), alkavervir (veriloid) and cryptena- 
mine (unitensen). In at least three instances 
(M. B., E. R., G. D.) it appears that these drugs 
were of but little value, and indeed may have 
hastened the progression of renal failure. The 
adverse effects of periods of shock in patients 
M. B. and C. F. suggest that in these cases there 
was further damage to kidneys incapable of 
adjusting to sudden alterations in systemic blood 
pressure [37]. The predilection of the pathologic 
changes for the interlobular and afferent 
arteriolar vessels suggests that the internal renal 
vascular resistance may be relatively fixed in 
these kidneys. Dilatation of other vascular beds 
(for example, splanchnic) by antihypertensive 
drugs might therefore serve only to shunt blood 
away from an already ischemic kidney. Undue 
preoccupation with the systemic blood pressure 
may represent a dangerously misplaced empha- 
sis. A coincidentally affected myocardium may 
fail to respond to drug-induced hypotension 
with a rise in cardiac output, and further ag- 
gravate the situation. 

The pathologic alterations in the kidneys 
center in the small arteries of the renal cortex 


| 


460 Renal [Involvement in Scleroderma—Rodnan et al. 


and vary considerably in severity. Although 
widespread, the lesions tend to be focal in dis- 
tribution. Interlobular arteries, afferent arte- 
rioles and glomerular capillaries may all be 
affected. [he individual lesions appear variously 
acute and chronic. [he former consist of a seg- 
mental necrosis of the intima with intraluminal 
and intramural deposition of compact fibrillar 
and hyaline eosinophilic material (fibrinoid). 
Little or no associated inflammatory exudate is 
found. The more chronic alterations are those 
of intimal thickening with cellular fibrous tissue, 
described by some as mucoid | 7/3] or myxomatous 
'23| in appearance. The vessel lumina are 
markedly narrowed and frequently completely 
occluded. The focal cortical infarctions asso- 
ciated with these vascular changes are a conspic- 
uous feature of the pathologic process. A variety 
of lesions in the tubules have been described. 
Klemperer has noted the frequency of hyaline 
droplet changes in the lining cells of the proximal 
convolutions [38]. There may be tubular dilata- 
tion with proteinaceous material in the lumina 
as well as areas of tubule atrophy. 

Moore and Sheehan |73] believe that the 
initial lesion is intimal thickening of the intra- 
lobular vessels occurring probably but a few 
weeks before death, followed by ischemia and 
atrophy of the cortex, and then fibrinoid necrosis 
of the distal part of the intralobular vessels and 
afferent arterioles which results in renal failure. 
They believe these lesions to be distinguishable 
from those of malignant hypertension but their 
statement that “‘most cases of scleroderma with 
(marked) renal lesions do not have signif- 
icant hypertension’’ appears to be incorrect 
6, 16,24,31,32). 

Sokoloff |.39] is of the opinion that the fibrinoid 
lesions are indistinguishable from those of acute 
malignant hypertension of other origin and that 
the older sclerotic lesions resemble those of the 
usual long-standing essential hypertension. He 
has suggested that these latter lesions in the inter- 
lobular vessels may represent the healing or 
organization of past necrosis and thrombosis or a 
response to a more insidious, non-necrotizing 
vascular damage. It is of interest to note that 
these proliferative lesions were found in the one 
patient of our series (V. M.) who remained nor- 
motensive throughout her illness, indicating that 
these lesions are not the result of hypertenson 
per se. Perhaps these lesions are an end-result of 
localized abnormal vasomotor activity in the 
small renal vessels, similar in nature to the Ray- 


naud’s phenomenon which is so common in the 
patient with progressive systemic sclerosis. 
Examination of the digital arteries of such pa- 
tients has revealed marked intimal proliferation 
with almost complete obliteration of the 
lumens [2,24]. It is possible that the fibrinoid 
necrosis seen in other viscera besides the kidney 
then results from systemic hypertension develop- 
ing shortly, perhaps only hours to days, before 
death. 

Klemperer [38] has postulated that both the 
fibrinoid alteration in the arteriolar walls and 
the hyaline droplet degeneration in the tubules 
may result from the transudation of an abnormal! 
protein from the blood (‘‘paraproteinemia’” ) 
and/or urine (“‘paraproteinuria’’). He believes - 
that ‘the fibrinoid alteration seen in scleroderma 


. gains in significance because it reflects a chemical! 


abnormality of the amorphous ground substance 
which has been regarded as the extracellular 
amorphous matrix from which (collagen) fibers 
may originate. The fibrinoid substance shows 
some unique tinctorial features which suggest its 
transformation into a substance with staining 
qualities similar to those of collagen.” While 
moderate, and at times even marked hyper- 
globulinemia is of frequent occurrence in pro- 
gressive systemic sclerosis | 40], this thesis is only 
speculative at this time. 

In the cases herein presented the fibrinoid 
material appears to have consisted at least in 
part of a variety of hematic elements, including 
fibrin. (Fig. 4.) This fibrinoid accordingly differs 
from that found in the kidney of patients with 
systemic lupus erythematosus. In the latter the 
material consists predominantly of a more 
homogeneous degraded nucleoprotein [47] which 
Gueft and Laufer believe provoked a non- 
specific inflammatory reaction and exudation 
of fibrin. Several observers have noted ‘‘wire 
loop”? lesions of the glomeruli in progressive 
systemic sclerosis, and have held these to be in- 
distinguishable from those occurring in lupus 
'9,25,27|, but the former have not been asso- 
ciated with ‘‘hematoxylin bodies.’’ The renal 
involvement in lupus has been described as 
beginning with a focal glomerulitis characterized 
by focal hypercellularity and occasional fibrinoid 
changes. This progresses to diffuse glomerulitis, 
thickening of the basement membrane, ‘‘wire 
loop’ changes and glomerulonephritis with 
epithelial crescents [42]. Afferent arteriolar 
involvement is infrequent in lupus as compared 
to progressive systemic sclerosis. Sokoloff [39] 
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has pointed out that there are no nephritic 
components to the scleroderma lesion, and he is 
impressed by the different discrete appearance of 
the capillary thrombus in lupus, that is the 
thrombus typically has less intimate continuity 
with the walls than it does in scleroderma. 

Also to be differentiated among the ‘“‘collagen 
diseases”’ are the renal lesions of so-called malig- 
nant rheumatoid arthritis. In one case Bevans 
and co-workers {43] described granulomas in 


which the primary lesion appeared to be that of 


fibrinoid necrosis of the wall of small blood 
vessels. In others a non-specific type of interstitial 
scarring or infiltration has been found. The 
lesion described in some cases of rheumatic 
fever [44] consists of interstitial deposits of 
lymphocytes, plasma cells, some polymorphonu- 
clear leukocytes, and indefinitely outlined cells 
with pale nuclei in the adventitia of smaller 
arteries and arterioles. [he intima is usually 
unaffected by the process. Blaisdell noted that 
these alterations were seldom sufficient to pro- 
duce clinical renal disease. 

Lastly, two less usual examples of renal lesions 
should be mentioned. Horn [45] reported exten- 
sive calcium deposition in the loops of Henle in 
a patient classified as having poikilodermato- 
myositis; the description of this case is suggestive 
of progressive systemic sclerosis with calcinosis. 
One patient with scleroderma described by 
Swarm and Germuth [74] was found to have 
granulomatous lesions about and involving the 
arteries within the kidney and liver which were 
considered compatible with periarteritis nodosa. 
There had been no symptoms suggestive of 
renal disease in this case. 


SUMMARY 


Renal involvement is of frequent occurrence 
in the natural course of progressive systemic 
sclerosis. The present report describes the clinical 
and pathologic features of this complication in a 
group of nine patients, seven of whom died in 
uremia. 

The lesions are focal and consist of intimal 
sclerosis and hyperplasia involving primarily the 
interlobular arteries, together with fibrinoid 
necrosis of the walls of afferent arterioles and 
glomerular loops. When extensive, these vascular 
changes lead to widespread focal cortical infarc- 
tion. The clinical findings are those of abrupt 
cardiovascular renal disease characterized by 
severe hypertension, retinopathy, cardiac fail- 
ure, convulsions and rapidly progressive renal 
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insufficiency. When the lesions develop relatively 
early in the course of the patient’s illness renal 
dysfunction dominates the clinical picture to the 
exclusion of the other visceral manifestations pre- 
viously described. 

The injudicious use of various hypertensive 
drugs in these patients may possibly aggravate 
existing kidney damage and hasten the develop- 
ment of renal insufficiency. 

The origin of the renal lesions of progressive 
systemic sclerosis and their differentiation from 
those of the other diseases of collagen is discussed. 
It is suggested that the intimal hyperplasia of the 
interlobular arteries may result from abnormal 
spasm of these vessels. This in turn may lead to 
systemic hypertension and, terminally, fibrinoid 
necrosis of the arterioles of the kidney and other 
viscera. It is not yet clear whether administration 
of ACTH or adrenal cortical steroids may induce 
these renal changes or merely accelerate the 
progression of already existing lesions. 
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ADDENDUM 


The case study of ‘‘true scleroderma kidney”’ 
by Calvert and Owen (Lancet, 271: 19, 1956) was 
noted after completion of the present report. 
These authors note that mild renal involvement 
was suspected in their patient when the blood 
urea level was normal and before cortisone 
treatment was begun. Histologic studies re- 
vealed the characteristic vascular lesions but 
evidence of other visceral involvement was not 
found. 
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HE increasing prominence of coronary heart 

disease (CHD), especially in the Western 
world, has led to a preoccupation of medical 
scientists with study of the causation of this 
disease. While there is still more discussion than 
research, the problem is unusually complicated. 
Of the triad of experimental approaches— 
clinical, laboratory and epidemiologic—it ap- 
pears that the last may be particularly appro- 
priate for this problem. 

The proportion of the recorded death rate 
caused by heart disease in the United States 
has increased from about 9 per cent in 1900 to 
almost 40 per cent in 1956 [7]. As we shall see, 
such statements tend by oversimplification to 
exaggerate and distort the problem because the 
changes of age composition of the population, 
the increase of precision of diagnosis and cause 
of death certification, and the elimination of 
other causes of death which were formerly 
manifest in young people have all tended to 
exaggerate the increase of CHD as a cause of 
death. Nevertheless, every practicing physician 
must be impressed with the frequency of CHD in 
his experience. These circumstances prompt us 
to examine two questions: Has there been a real 
increase in mortality from CHD in the past 
twenty years? Has the “progress”? which man 
has made in altering his environment inad- 
vertently introduced or exaggerated the agents 
which cause CHD? 

The examination of such questions and their 
ramifications is the function of the science of 
epidemiology. At best, we can hope by such a 
method to identify and to measure the force of 
the agents which contribute to cause. The proof 
of identity and the application of information in 
prevention and cure are the functions of the 
laboratory and clinical methods of research. 

The fundamental procedure in the epidemio- 
logic method—as in other scientific disciplines— 
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is an orderly examination of hypothesis. The 
individuality of the method rests particularly 
in the use of special skills and models for 
sampling populations, in the systematic classifica- 
tion of measurements and in the application of 
appropriate statistical procedure to interpreta- 
tion of the data. The epidemiologist is apt to be 
especially skillful at formulating hypotheses. It 
is axiomatic that one must ask the right question 
to get the proper answer. Epidemiologists are 
concerned with the identity of the circumstances 
which influence the pattern of a disease in a 
population. The interest, then, is in the factors of 
time, place and person. 


The science of epidemiology had its beginning with 
John Graunt, a London merchant who undertook to 
interpret the city’s Bills of Mortality in 1662. These 
were the weekly records of deaths which were begun 
in 1592 during one of the plague epidemics. After 
1603, burials, christenings and plague deaths were 
recorded. At first intermittent, these tables were ex- 
panded to include surrounding areas and by 1629 
included records of deaths by sex and cause. Graunt’s 
description [2] of how these data were collected is of 
interest because then as now mortality data, which 
are an important material of the epidemiologic 
method, are subject to serious limitations of accuracy. * 

‘‘When anyone dies, then either by tolling, or ring- 
ing of a Bell, or by bespeaking of a Grave of the 
Sexton, the same is known to the Searchers, cor- 
responding with the said Sexton. The Searchers here- 
upon (who are antient Matrons, sworn to their Office) 
repair to the place, where the dead Corps lies, and by 
view of the same, and by other enquiries they examine 
by what Disease or Casualty the Corps died. Hereupon 


* Graunt’s classic (‘‘Natural and Political Observa- 
tions Mentioned in a following Index and made upon the 
Bills of Mortality. With reference to the Government, 
Religion, Trade, Growth, Ayre, Diseases, and the several 
Changes of the said City’? London 1662) has been par- 
tially reproduced in The World of Mathematics Vol. m1, 
p. 1420 ff. J. R. Newman published by Simon & Schuster, 
New York, 1956. 
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they make their Report to the Parish clerk . 

Beginning with Graunt, epidemiologists have neces- 
sarily been cautious fellows. Again from Graunt “‘So 
that, this casualty being so uncertain, I shall not force 
myself to make any inference from the numbers, and 
proportions we find in our Bills concerning it [refer- 


TABLE I 
NUMBER OF DEATH CERTIFICATES (FOR APPROPRIATE 
UNITED STATES REGISTRATION AREAS) WITH HEART 
DISEASE ENTERED AS A DIAGNOsIS [4] 


1917 1925 1936 1940 


Heart disease: | | : 
Primary cause... . 128,719 191,226 341,350 (385,191 
Secondary cause... 46,067, 81,513 103,448 |112,505 


Ratio of all certifi- 
cates with heart 
disease listed to 
those with heart 
disease listed as 
primary Cause... 1. 36 1.43 


ring to a specific cause of death|—for there is much 
difference in computing the number of Lunaticks that 
die and those that die by reason of their Madness.”’ 
Nevertheless, Graunt was able to draw many useful 
conclusions from his study of the Bills of Mortality. 
Out of his work have come three areas of activity: life 
assurance (Graunt constructed a crude life table), the 
theory of probability and the science of vital statistics. 
One hundred fifty years elapsed before William Farr 
established the orderly collection and tabulation of 
British vital statistics. Greenwood has observed [3| 
‘Farr found medical statistics in such a state that only 
men of genius, like Graunt, could use them—when 
Farr retired any reasonably intelligent man could 
draw accurate conclusions from them.” 

At the first International Statistical Congress held in 
Brussels in 1853 Farr and d’Esperance submitted a 
proposal for a list of cause of death, the first step to- 
ward international comparability of mortality experi- 
ence. This list was repeatedly revised and in 1893 
Bertillon’s International List of Causes of Death 
(ILCD) was adopted. The ILCD has since been re- 
vised at ten year intervals. These revisions have tended 
to expand causes as medical percipience and technics 
have developed. A continuing and involved problem 
is the assignment of death with multiple causes. Until 
1949 the ILCD was used in conjunction with an 
arbitrary Manual of Joint Causes. ‘This, by definition, 
assigned the primary cause of death. The procedure 
was unpopular with physicians and was abandoned 
with the sixth revision of the [LCD made in 1949 and 
the physician has since been asked to assign the prime 
cause. The important fact is that while the ILCD has 
contributed to the conformity of certification neces- 
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sary for epidemiologic utility, the problem is not 
solved and there are serious irregularities in time 
series of mortality by cause as well as among different 
regions and principalities. Indeed it is apparent that 
both physicians and medical examiners must differ 
profoundly in their assignment of cause of death. 
Woolsey and Moriyama |4| have shown an example 
of the potential extent of tabulation distortion of heart 
disease in United States death certificates. (Table 1.) 
Gover |3| has also considered the effects of the death 
certificate requirement of assignment of a primary and 
contributory causes of death. Heart disease ranked 
first in 1940 (United States) both as a primary and as 
a contributory cause. Since less than half the death 
ceruficates filed report only a single cause of death it is 
apparent that the physician filing the certificate can 
greatly influence death by cause rates according to the 
way he selects the primary cause. Death certification is 
thus excepuonally sensitive to medical thought and 
fashion. One can see that an “‘epidemic’’ could be 
self-perpetuating. This possibility became especially 
probable in 1949 when use of the mandatory Manual 
of Joint Causes was abandoned. 

The uncertainty of demographic data, which are 
the materials of epidemiology, is increased by their 
large volume and tabular orderliness, which may be 
decepuve. Caution and skepticism is the necessary 
characteristic of an epidemiologist. Morris has aptly 
observed [6] “‘it was not the vital statistician, epi- 
demiologist or social medicine workers in general who 
first engaged in these exercises, (epidemiology of 
CHD) and their hesitation was only partly due to their 
well known indolence.”’ At the same time it is ap- 
parent that the interpretation of demographic data 
which are accurate and competent requires only logic 
and common sense. The epidemiologist is then a 
skeptical philosopher dealing with the products of 
diagnosticians and vital statisticians. It is surprising 
they are so few! 


Before turning to our questions certain defini- 
tions are necessary. The term coronary heart 
disease will refer to disease of the heart caused 
by limitation of blood supply to the myocardium 
resulting from disease of the coronary arteries. 
This definition is very similar to that for ischemic 
heart disease proposed for international use by 
the Study Group on Atherosclerosis and_ Is- 
chaemic Heart Disease of the World Health 
Organization |7|. While ischemic heart disease 
may have some semantic distinction the ad- 
vantage of common usage will probably pre- 
serve coronary heart disease until an accurate 
etiologic classification is possible. The latter 
term has no serious disadvantages. Coronary 
heart disease must include some instances not 
caused by atherosclerosis of the coronary arteries 
but these are presumed rare and not a cause of 
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important error. CHD is primarily a clinical 
diagnosis and comprises angina pectoris, which is 
a highly uncertain and subjective diagnosis, 
myocardial infarction, coronary occlusion (i.e. 
death with coronary artery lesions but without 
signs of infarction) and myocardial fibrosis not 
attributable to causes other than chronic 
myocardial ischemia. The latter is generally an 
anatomic diagnosis. A variable proportion of 
these clinical diagnoses (ranging from 8 to 50 per 
cent in the most favorable circumstances in the 
United States and in Great Britain) [8] are in- 
vestigated by autopsy. An important proportion 
of the deaths assigned to CHD are sudden deaths 
which are assigned to this cause with a bare 
minimum of medico-legal investigation and are 
presumed to be CHD because they occur sud- 
denly. Morris and Heady found in their retro- 
spective study of insured British physicians |9| 
that 24 per cent of the initial manifestations of 
CHD among men forty to sixty-four vears of age 
were sudden death. In the Framingham study 
10) thirteen of forty-three men in whom “heart 
attacks” occurred during a four-year period of 
observation were affected with *‘sudden death.” 
The investigation of these deaths is generally 
limited. In the Commonwealth of Massachusetts 
in 1954 [//] 24.2 per cent of all deaths were 
medical examiner cases. About one-fifth of the 
medical examiner's cases were ascribed to 
violence, one-tenth were preparatory for crema- 
tion, and in only 5.7 per cent of all the medical 
examiner's Cases were autopsies performed. The 
autopsy rate in Suffolk County (which includes 
Boston) was 19.4 per cent of all medical ex- 
aminer cases. [he important point is that almost 
one-third of the cases of CHD may end with 
sudden death, that these cases will be studied 
only by the medical examiner, and that in only a 
small proportion will autopsies be performed. 
The reliability of the assignment of clinical 
cause of death was studied at the Los Angeles 
County General Hospital in the period from 
1933 to 1937 [72]. Retrospective investigation of 
about 8,000 routine autopsies, 38 per cent of 
which were performed upon patients dying 
within forty-eight hours of hospitalization, 
indicated the proportion of correct clinical 
diagnoses shown in Table u. It is pertinent that 
only 50 per cent of the clinical diagnoses were 
confirmed for patients who died within forty- 
eight hours after admission to the hospital. 
James, Patton and Heslin [73] examined the 
same question in 1,889 deaths in which autopsies 
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were performed in the Albany, New York area 
during 1951 and 1952. The inconsistencies 
between death certificate and autopsy data led 
the authors to doubt that death certificate data 
are a valid basis for epidemiologic studies of 
many chronic diseases, including arteriosclerotic 


TABLE I 
PER CENT OF CLINICAL DIAGNOSES CONFIRMED BY AUTOPSY 
(LOS ANGELES COUNTY GENERAL HOSPITAL 1933 TO 
1937 [72|) sTILLBIRTHS AND CORONERS CASES 
EXCLUDED 


Per cent 
Cause of Death 

Other and unspecified heart disease... . . 83 
Cerebral embolism and thrombosis... .. . 76 
| 74 
Diseases of coronary arteries............. 66 
Lobar pneumonia.......... 64 

16 


Softening of the brain........ 


heart disease. For the latter cause only about 73 
per cent agreement was obtained for the two 
methods of classifiying cause. General arterio- 
sclerosis was underestimated on the original 
death certificates and hypertensive heart disease 
was overestimated. On the other hand, a large 
proportion of CHD is diagnosed with the aid of 
electrocardiographic evidence. This is objective 
and almost always unequivocal. Without this 
evidence it is doubtful that epidemiologic analy- 
sis could be applied to heart disease vital sta- 
tistics. It is unfortunate that many population 
studies of CHD, especially when carried out in 
medically undeveloped areas, have not made 
better use of this most decisive evidence of the 
existence of the disease. 

Secular Changes of Mortality Assigned to CHD. 
Are we in the midst of an epidemic of CHD? The 
evidence that bears on this question deserves 
careful examination because it may reveal the 
causal factors of CHD. It is also important 
that the facts be clarified before an aversive 
campaign of fund raising and publicity seeking is 
sanctioned by the scientific community. 

The trend of mortality in the United States for 
several pertinent causes in white men forty-five 
to fifty-four years of age for the registration area 
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United States, white men aged forty-five to fifty-four. The vertical 


line at the end of 1948 indicates the change from the use of the fifth to the sixth revision of the International List of 
Causes of Death. The data for 1949 and following years have been adjusted with the comparability ratios described 
by the National Office of Vital Statistics (see text and [79]). The data for arteriosclerotic heart disease (420) assume 


a comparability ratio of 1.30. 


is shown in Figure 1. Nine Western and Southern 
States have entered the death registration area 
since 1924, and the area was completed in 1933 
with the entry of Texas. 

The data for white men aged forty-five to 
fifty-four years are shown for several practical 
reasons. Consideration of a narrow age band 
minimizes the otherwise important effects of 
changing age composition of the population. 
Moriyama and Gover [735] have illustrated the 
important effect of age changes in the popula- 
tion both on the crude death rate and especially 
upon the mortality rate attributed to cardio- 
vascular disease. Consideration of white men 
forty-five to fifty-four years of age includes the 
middle decade of high susceptibility to CHD and 
it avoids some of the complexities of multiple 
disease which are more prevalent in death after 
age fifty-five. Woolsey and Moriyama |4] con- 
cluded that the trend of heart disease mortality 
in the interval from 1900 to 1930 could not be 
evaluated because the death registration area 
of the United States was being enlarged and the 
population at risk was being increased by addi- 
tions of young populations with limited medical 
facilities. All these factors obscure the true course 
of events. After 1930 the death rate assigned 
to heart disease was found to be definitely 
increased for every age group over forty-five 
years. But Woolsey and Moriyama observed a 
compensating decrease in the death rate for 
this age from a group of causes of death which 


are clinically closely associated with heart 
disease. For example, deaths assigned to intra- 
cranial lesions of vascular origin, chronic nephri- 
tis, arteriosclerosis and high blood pressure were 
all diminished after 1930 as mortality assigned 
to heart disease increased. This balancing effect 
was sufficient to remove all signs of an upward 
trend when the entire class of heart disease and 
these related causes were combined. These 
effects are illustrated in Figure 1. 

The adoption of the sixth revision of the [LCD 
in 1949 resulted in an important change of 
certification of deaths, largely caused by aban- 
doning the Manual of Joint Causes but also 
caused by regrouping of some titles. The 
National Office of Vital Statistics arranged for 
the deaths in 1950 to be coded according to both 
the fifth and sixth revision methods. A 10 per 
cent sample of these data illustrating the com- 
parability of the data has been published [74] 
so that the comparability rates (sixth/fifth) 
can be used to adjust the data for 1949 and there- 
after to values that would have been obtained 
with the fifth revision. Woolsey and Moriyama 
were cautious in interpreting these data (to 
1945) and they did not venture an opinion about 
the true course of heart disease mortality. 
However, as early as 1932 Bolduan and Bolduan 
'76| had concluded from data obtained in New 
York City that the rise of heart disease mortality 
was fictitious. It seemed then that deaths as- 
signed to heart disease were rising in the face of a 
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steady decline of age-specific death rates for all 
causes of death. This suggested to them that the 
increase of heart disease was caused by changing 
practices of assignment of cause of death. 

Cohn and Lingg |77| begin their discussion of 
the changes of mortality assigned to diseases 
of the heart, kidneys and blood vessels with the 
remark that this—of all the cause-specific 
mortality—was the most difficult to compre- 
hend. They review the persuasive evidence 
that the net change of death rates for cardiac, 
vascular and renal diseases combined is very 
slight in the interval from 1900 to 1940 and that 
the divergent courses of rates for individual 
entities is the result of changing practices of 
diagnosis and certification. They also show a 
graphic kind of cohort analysis. While it has 
become conventional to consider mortality by 
age at some specific time, the difficulty arises 
that each age group represents a different group 
of persons with quite different backgrounds of 
biologic experience. Suppose instead the mortal- 
ity experience of groups (cohorts) defined by a 
birth date range are followed at successive ages. 
This treatment might be expected to reveal 
either the appearance or the fluctuations of a 
mortality force by the resulting changes in the 
successive cohort mortalities |78|. This method 
has been notably successful in the demonstration 
of a real increase in cancer mortality [79,20). 
The data for heart disease are not as satis- 
factory for this analysis because of changing 
diagnosis especially. Cohn and Lingg found no 
striking increase in heart disease mortality 
through 1940 although a definite upward trend 
for successive cohorts was present. This kind of 
trend is to be contrasted with the more dramatic 
changes revealed for tuberculosis. 

The mortality data for selected causes sum- 
marized by the National Office of Vital Statistics 
_/4\ permits an examination of the problem of 
changing certification practices as a cause of 
apparent change of mortality forces. If we exam- 
ine a plot of the death rates for all causes with 
time for white men aged forty-five to fifty-four 
years, we observe that since 1935 there has 
been a steady decline of rates through 1953. 
(Fig. 1.) This decline represents a complex 
average of many individual causes which show 
quite different trends. Our problem is that of 
determining whether or not some of the opposite 
trends are the result of ‘“‘transference’’ of 
deaths among categories. Suppose we select 
those causes of death which meet the following 
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a priori criteria: (1) fatal diseases which by the 
terminal circumstances may often cause physi- 
cians to differ in their assignment to causation 
either because of uncertainty of diagnosis or for 
reasons of social stigma cast upon the family or 
perhaps for other reasons of convenience; 
(2) fatal diseases for which treatment since 
1935 has not been notably effective either in 
preventing or delaying such deaths. With these 
conditions we are prepared to assume that the 
true mortality for these causes has been essen- 
tially unchanged since 1935 and that the 
apparent changes represent reassignment of 
these deaths to CHD for reasons of current inter- 
est, conformity and colloquial practice. 

We can then compute the sum of the annual 
deviations of the mortality for each disease 
from that observed in 1935——an arbitrary start- 
ing point. It is selected because it would seem 
to have allowed time for the dissemination of 
knowledge about CHD and yet permit a sufh- 
ciently long span of data to show trends. Will the 
net change among these ‘“‘transferable”’ diseases 
account for the observed change of mortality 
assigned to CHD? 

The first criticism that will be raised will 
concern the acceptability of the transferable 
diseases. The seven entities selected are as 
follows: 

1. Vascular lesions of the central nervous 
system. This represents a clinical entity often 
characterized by “‘sudden death,”’ thus minimiz- 
ing clinical studies which would permit an ac- 
curate diagnosis. Some of these deaths may in 
fact be due to arterial emboli from the endo- 
cardium subsequent to myocardial infarction. 
Deaths attributed to this cause have diminished 
steadily over the past thirty years even though 
no medical progress can claim credit for this. 
The trend would seem to represent changing 
diagnostic practice and the diminution of deaths 
assigned here would seem largely to have re- 
sulted from assignment to CHD. 

2. Chronic nephritis and _ nephrosclerosis. 
This is another category of arteriosclerotic 
disease which is often characterized by hyper- 
tension and sudden death in congestive failure. 
Persons dying with uremia are assigned to 
senility, symptoms and other causes. There was 
no effective treatment to account for the ap- 
parent diminution in mortality. 

3. Diabetes is commonly terminated with _ 
heart disease. Insulin has been widely available 
since 1935 and while death from diabetic coma 
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occurs there is no reason to believe its frequency 
should have changed greatly. Aside from dia- 
betic coma the other fatal mechanisms in dia- 
betes have not been changed by medical 
treatments. 

4. Suicide is an important cause of death and 


TABLE I! 

THE POTENTIAL MAGNITUDE OF ““TRANSFERENCE OF CAUSE 
OF DEATH FROM SEVEN EASILY MISTAKEN CATEGORIES 
OF CAUSE TO DISEASE OF THE CORONARY ARTERIES 
(Rates /100,000 for United States white men forty-five to 
fifty-four years of age. See text for terminology.) 


y ()bserved Predicted 
ear **'Transference 
Death Rate Rate 


1935 65 ‘eg 

1940 168 27 141 
1945 23> 67 148 
1950 248 * rete. 160 
1953 7 102 150 


* A comparability ratio of 1.3 has been assumed. 


one which is especially hable to occur under 
circumstances which obscure accurate reporting 
of the true cause. While a death by gunshot or 
hanging can scarcely be mistaken, the other 
common methods with poisons are often not 
readily apparent. A person previously well and 
found dead is likely to be assumed dead of heart 
disease. Perhaps more important are the social] 
stigmas of suicide which induce the persons 
concerned to conceal the true cause in favor 
of some socially acceptable cause—of which 
CHD is the most useful. While suicides have 
regularly diminished during war time—and 
this is reflected in the figure for the interval from 
1940 to 1945—the over-all trend since 1935 has 
been downward. [This downward trend of suicide 
mortality is suspect because the United States 
population has increased and suicides are closely 
related to population density. Few would con- 
tend that medical progress has been made in 
preventing suicides [27]. 

5, 6. Senility and general arteriosclerosis are 
almost trivial causes of death in the age range 
forty-five to fifty-four but they are included 
because they represent a ‘“‘crude”’ diagnosis 
which might, in better circumstances of medical 
care, have been called CHD. 

7. Accidents, non-motor vehicular, are, like 
suicides, a likely concealment for sudden death 
caused by CHD. Motor vehicle accidents are 


excluded because these may have been expected 
to change with drastically changing motoring 
conditions. While the safety promotion groups 
may demur, there is little reason to believe that 
accident mortality should have changed since 
1925, and yet it has steadily decreased. 

The time span 1935 to 1953 covers three 
revisions of the International Nomenclature of 
Disease. Revision 1v was used during the years 
1930 to 1938, revision v from 1939 to 1948, 
and revision vi in 1949 and thereafter. The Na- 
tional Office of Vital Statistics finds little effect 
for these causes of death in the transfer from 
revision iv to v |/4|. The change to revision v1 in 
1949 caused major aberrations for certain Causes 
which have been adjusted with the comparabil- 
ity ratios already described. Use of age-restricted 
groups also minimizes the potential error be- 
cause comparability ratios are often age- and 
sex-dependent. 

Such an analysis gives the results shown in 
Table m. The increase of coronary disease can 
be accounted for by the decreases in these seven 
categories of disease. Which is more plausible, 
that CHD has increased almost four-fold since 
1935 or that these seven causes of death—for 
which we have little or no effective prevention— 
have been diminished on “‘the books” by transfer 
to the CHD category? Such evidence cannot be 
decisive but it strongly suggests that CHD 
mortality has not increased. 

In addition to the influences discussed which 
affect time trends of heart disease mortality there 
is another and more subtle phenomenon which 
epidemiologists refer to as the effect of competing 
causes of death. Cornfield [22] has recently dis- 
cussed the theoretic aspects of this effect. Even 
though, biologically speaking, co-existing diseases 
are not independent in their effects they tend to 
be made so by the artefact of our certification of 
cause of death which requires one prime cause. 
Competing causes of death interfere with one 
another in two distinct ways. In Cornfield’s 
terminology (1) they interfere in a formal sense 
because an organism dead of cause A is no longer 
liable to cause B. Thus the effect of A is to 
diminish the effect of B. Men dead of tuberculosis 
at age twenty-five are no longer at risk of dying 
of CHD. (2) In an empirical sense the animals 
dying early of cause A may have had a different 
susceptibility to cause B than do the survivors with 
which the lethality of B is judged. We can never 
know the lethality of B totally free of the effect of 
A, particularly if the interval of development of 
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B is long. Here, then, is a complication in the 
study of chronic disease because competing 
causes are usual. It can be shown that removal 
of the competing causes which precede the dis- 
ease in question have the effect of ‘‘uncover- 
ing’’ this disease. [t then assumes a prominence 
not caused by an increase of its lethality. 

Goldberg et al. [23] examined the question of 
the effects of deaths from non-cancer causes on 
the probability of developing cancer. * Using life 
table methods they showed that the changing 
morbidity assigned to cancer in New York State 
is not due solely to changing forces of cancer 
but is strongly increased by the ‘‘uncovering”’ 
effect of non-cancer mortality. This effect varies 
with cancer by site, and for some sites the 
apparent increase was in fact a decrease in the 
interval studied (1943 to 1950), when the adjust- 
ment for other causes of mortality had been 
made. A_ similar analysis of heart disease 
mortality should be made. The removal of 
earlier causes of death would be expected to 
account for a part of the apparent increase of 
CHD. 

We are left with the empiric effect of com- 
peting causes and there seems to be no solution 
available for its measurement. Does, for exam- 
ple, an influenza epidemic leave a group as 
susceptible to CHD as was that which it killed? 
Are the men who survive a war as susceptible to 
CHD as those who were killed? This general 
question was an interest of Pearson [24] who took 
the position, now often discounted, that lowering 
mortality rates at early ages must inevitably 
produce higher mortality rates at later ages 
because the force of natural selection was thus 
delayed. For the present problem we have no 
information on the importance of this ‘“‘genera- 
tion effect.” 

The effects of World War on the mortality 
experience of selected European countries has 
been widely used as evidence of the importance 
of environment-——and particularly of the diet— 
upon mortality forces. It must be recognized that 
the civil commotion of war brings an additional 
hazard to accurate and complete diagnosis and 
certification of fatal diseases. This would seem to 
be an inappropriate time for studies of trends of 
mortality. Morris |6| has discussed the uncer- 
tainty of attributing the observed changes 
of mortality during World War u as observed in 


* More precisely, the probability of being reported 
to the New York State Health Department as having 
cancer. 
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several European countries to associated specific 
environmental changes. It has been contended 
that the diminution of mortality in Great Britain, 
Norway, Sweden, Holland, Finland and parts of 
Russia was the consequence of a reduction of fat 
intake [25]. Morris challenges this as an over 
simple tale. He states that the mortality from 
CHD in Denmark was only half that in Finland, 
Canada and New Zealand. The mortality as- 
signed to CHD in Stockholm was only half that 
attributed in Edinburgh, Aberdeen, Newcastle 
and Cardiff, and yet the fat intakes in all these 
places are believed to be high. Furthermore, 
there is a disturbing lack of synchronism of 
events. [he British mortality began to rise again 
in 1943 although dietary restrictions remained 
until 1947. Strém has reviewed the Norwegian 
experience [26a,26b|. Fom 1941 through 1945, 
several population studies in Norway _ indi- 
cated a profound decrease of both meat and 
dairy products in the dietary with a concomitant 
increase of cereal, vegetable and fish products. 
However the problem was complex because 
conditions changed from month to month and 
persons of different areas and occupations were 
able to secure supplementary foods with different 
degrees of success. Such estimates of food intake 
were then applied to the interpretation of 
mortality data for the entire country. In the 
period from 1940 to 1944 there was an increase 
in mortality from all causes apparently related 
to the increase of infectious disease in subjects 
under the age of twenty and to the increase of 
violent deaths among adult men. The Nor- 
wegians had begun the use of the ILCD (v) 
in 1941. Death rates from “‘circulatory diseases” T 
diminished in the interval from 1939 to 1945 and 
then rose, but in 1949 had not yet reached pre- 
war levels. The mortality rates for men and 
women were roughly parallel. There was no evi- 
dence that this decline was caused by reassign- 
ment from mortality previously attributed to 
senility since this also declined. There was an 
important increase of deaths assigned to un- 
known or ill-defined causes but Str¢ém believed 
this was not important. If the mortality for 
circulatory disease in the period from 1938 to 
1940 equalled 100, the proportionate rate for 
1944 and 1945 was 78 and for 1948 and 1949 it 
was 91. If the combined mortality for circulatory 
and unknown or ill-defined causes in the period 
from 1938 to 1940 equalled 100, in 1944 and 


t Including “‘apoplexy,”? chronic nephritis and senile 
gangrene. 


4 


470 
1945, this was 91 and in 1948 and 1949 it was 
97. Two other circulatory phenomena were ob- 
served to parallel these mortality changes. ‘The 
mean of measured blood pressures fell and the 
frequency of postoperative embolic and throm- 
botic diseases fell. Str@m believed that these 
phenomena were related to the dietary changes. 
Dedichen |27| believed that the effect of the war 
on circulatory diseases was real and mediated 
through an effect of the diet upon the clotting 
mechanism of the blood. ‘The difficulty with this 
experience in Norway, as with that in Holland 
and in Finland, is not so much an acceptance 
of the demonstration that a real diminution of 
CHD occurred but rather in the uncertainty of 
assigning the cause. The data will permit several 
attractive “‘causal’’ agents. The affected peoples 
were working harder, smoking less and, in gen- 
eral, either losing weight or gaining less than in 
pre-war conditions. Nor is circulatory disease the 
only change of health status measurable. Among 
the Norwegians, in addition to more infectious 
disease and violent deaths, mental disease 
developed in fewer persons and there were lower 
mortality rates for diabetes, tuberculosis and 
malignant tumors. Children had less dental 
caries, and maternal mortality was less. Can 
dietary changes account for all this? In particu- 
lar, can dietary fat changes explain these 
changes in the burden of disease? I think not. 
Malmros [28] has discussed the unique change 
in the disease sequelae of World War u. Unlike 
previous wars, no epidemic of infection accom- 
panied the turmoil but rather a kind of respite 
among the “‘chronic’’ diseases. Malmros indi- 
cated that this wartime influence of environment 
upon heart disease mortality was a_ useful 
alternative to the impracticable method of com- 
paring national experiences. He discussed the 
experience in Sweden, Finland, Norway and 
Denmark, and compared this with the United 
States. He concluded that the decline in cardio- 
vascular disease in the first three countries dur- 
ing the war was associated with a reduced con- 
sumption of eggs, butter and other foods rich in 
cholesterol. This association was most marked 
for the urban population, he believed, because 
they could supplement their dietaries but little. 
Denmark failed to show a wartime decrease of 
arteriosclerosis mortality, because (so Malmros 
believes) there was no decrease of butter and egg 
consumption even though the total fat intake 
decreased by one-third. The lack of a latency 
period between dietary changes and mortality 
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changes was a cause for comment by Malmros. 
He suggested that atherogenesis was potentially a 
rapid process and that “‘placques may grow in a 
comparatively short time and perhaps after only 
a few months produce serious local disturbances.”’ 

Ryle and Russell [29] have published an 
especially searching study of the natural 
history of coronary heart disease as revealed in 
the statistical reports of the Britush Registrar- 
General through 1945. They emphasize the 
increase of CHD and although they admit the 
importance of clerical transference in this in- 
crease they agree with the Registrar-General’s 
1938 opinion that transfer of assignment of cause 
could account for ‘‘only a fraction”’ of the re- 
corded increase. The objection to this explana- 
tion is that only the most obvious sources of 
transfer, namely vascular and “other heart’’ 
disease, were considered. As we have observed 
(vide supra) the problem of transference is more 
subtle than this because many other causes of 
death may be, and no doubt are, either trans- 
ferred to CHD by the certifying physician or 
elevated to the prime cause. Ryle and Russell 
then observe that in the interval from 1938 to 
1945 the trend of CHD in England and Wales 
changed because ‘“‘diseases of the coronary 
arteries increased precipitously at the same time 
that diseases of the myocardium were diminish- 
ing.’ They admit that this is probably a reflec- 
tion of changing certification practice rather 
than a change of disease behavior. The similarity 
of these rate changes for different ages and for 
men and women supports this explanation. 
Ryle and Russell then compute an extra- 
polated ‘‘expected death rate”’ for coronary and 
myocardial disease by computing the rate which 
would have resulted had the 1931 to 1939 rate 
of increase of these diseases continued through 
1945. The results indicate that the “‘expected 
rates’? exceeded the observed rates by 5 to 30 
per cent for men. They conclude that CHD was 
in fact increasing less rapidly in the period from 
1939 to 1945. It would have been as reasonable 
to conclude that the transference phenomenon 
was diminishing with increasing dissemination 
of knowledge about CHD. Additional evidence 
for a certification artefact rather than a biologic 
effect is the similarity of the sex ratio of the 
mortalities for the two causes. For coronary 
disease at age fifty-five to fifty-nine the ratio 
M/F was about 4 in the interval from 1921 to 
1943 and for myocardial disease the ratio was 
about 1.45. 
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Lew |30| has taken the position that the in- 
crease of CHD in the United States since 1940 
has been relatively small and not justification 
for the public alarm which has been created. 
Lew has shown a figure illustrating the trend of 
CHD mortality in the period from 1940 to 1955 
for all persons; this figure has been age adjusted 
and also has been corrected for [LCD differences 
by reclassifying the fifth revision data according 
to sixth revision methods. The trends are con- 
stantly upward but they are small and Lew be- 
lieves these represent changing practices in 
certification. He has shown that while there has 
been an increase of CHD (including angina 
pectoris) mortality between 1940 and 1955 there 
has been a larger decrease of mortality assigned 
to other cardiovascular-renal disease. ‘This is 
reasonably explained as a change of assignment 
of cause of death. Lew’s evidence for changing 
practices in certification is derived from the 
regional differences of cause of death in the 
United States. Generally speaking, the more 
rural and medically isolated regions have shown 
the greatest increases of mortality attributed to 
CHD in the interval from 1940 to 1948 and 
conversely the environs of urban medical centers 
have shown the least increase. Lew seems to see 
in this a wave of professional sophistication 
rather than true regional differences. The 
sophistry has also affected the medical exam- 
iners and coroners, since in New York City a 
third to a half of the deaths assigned to CHD 
were certified by the medical examiners in 
November 1956. Lew believes that about one- 
third of the apparent increase of CHD mortality 
since 1940 is attributable to this new knowledge 
and fashion in diagnosis and certification. He 
believes that this effect, the changes of age 
composition, and the broader limits of disease 
called CHD account for more than 85 per cent 
of the increase in death rate assigned to CHD. 

It is also instructive to consider a kind of 
clinical evidence which is often brought to bear 
on the question but which is not helpful, because 
it lacks the essential qualifications of description 
of population and criteria of diagnosis; it is, in 
short, the ‘‘clinical impression.’ Cassidy [37] 
believes that coronary disease has increased in 
prevalence in England since 1920 to 1925 and he 
bases this belief on his experience with his own 
practice, reinforced with the redoubtable opin- 
ions of Osler and Mackenzie for an earlier 
period. Such expressions of experience general- 
ized to “‘fact” have had a profound effect upon 
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progress in medicine and not always a salutary 
one. 

Regional Differences in CHD Mortality. The 
description of the behavior of a disease with 
respect to occurrence in time and place is basic 
to the epidemiologic method. One of the earliest 
demonstrations of vital statistics was the higher 
death rate among city dwellers. William 
Farr proposed that the healthiest districts of 
England be the yardstick of public health eff- 
ciency. Although this disadvantage of urban 
life has been repeatedly observed both for all 
causes and for many specific causes of death it 
has never been adequately explained. In the era 
of the infectious diseases it was often tacitly 
assumed that the concentration of persons in 
urban areas facilitated the transfer of the causal 
agent. The demonstration that such a chronic 
disease as CHD also shows a higher rate of mor- 
tality in urban places introduces a new problem 
in the explanation of mechanism. 

There are certain complications in mortality 
statistics arranged by place. Census data, which 
are the indispensable denominators in death 
rates, are tabulations of persons by legal resi- 
dence, 1.e., de jure. Nevertheless, medical centers 
do attract the sick and crippled to their environs, 


just as salubrious climates tend to attract the 


aged and infirm. These factors distort mortality 
by place tabulations. 

The tabulation of mortality by place was 
begun in the United States in 1914. In subse- 
quent years reporting of cause of death by place 
has been extended until in 1950 mortality 
tabluations by county were obtained. Dorn 
32] has discussed the opportunities offered by 
these data, but little use has been made of them 
for heart disease. 

Another nemesis returns to confound cause of 
death by place. The different nations and areas 
within the United States have wide differences 
in the proportion of death certificates with 
multiple causes listed, one of which’ must be 
assigned the prime cause. These differences 
range from 1.2 per cent of certificates with 
multiple causes in Greece in 1936 to 59.6 per 
cent in the United States in the same year; and 
from 40.2 per cent in the East South Atlantic 
region of the United States in 1940 to 63.1 per 
cent in New England in 1940 [33]. 

Enterline and Stewart [34] have described the 
geographic pattern of CHD* in the United 


* Coronary heart disease is used as the equivalent of 
ILCD VI “‘arteriosclerotic heart disease.” 
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TABLE IV 
RAW MATERIAL FOR EPIDEMIOLOGIC THEORIZING 
(Death rates/100,000, all ages, both sexes) 


Food **Available” per Capita per Day 


Arterio- | Senility, 
sclerotic | Ill-defined Protein 
Nation Year | Heart | and | 
Causes | | of Heart Unk 
| 420-22 * | 780-95 * | ories (gm.)| Ani- Vege- 
| | mal | table 
(gm.) (gm.) 
AustraliaT. . 1953 910 241 17.5. iF951-1952 | 3290; 122 63 32 
1954 59.6 85.8 1951-1952 2660 44 36 42 
1954 821 223 12.4 1951-1952 3007. 124 54 36 
Denmark...... 1954 905 202 35.2 8.3 1951-1952 3225 140 51 40 
1953 1175 275 40.7 143.9 1951 3480 49 48 
New 1953 884 252 27.5 6.2 1951 3380. =102 69 33 
Sweden... .... 1953 970 230 45.2 51.7 1951-1952 3090; 127 59 34 
switweriand......... 1953 1019 238 19.9 95.0 1951-1952 3180 114 52 44 
Scotiand..... | 1954 1198 337 23.6 31.9 | 
England and Wales 1953 1142 298 ea res 1951-19527; 3080 123 43 42 
Pus 1954 1090 289 38.4 60.8 | 
United States... . 1953 959 282 14.0 1952 6] 29 
Belgium....... 1953 1206 112 141.3 170.3 | 
1954 1136 198 100.0 88 110 
[eens Ss ks 1954 1035 25 14.5 198 1952 1880 11 10 36 
Chile. 1953 1264 36 90.8 104 1951] 2340 3848 47 48 
es 1952 2024 28 13.6 293 1951-1952 2360 35 11 59 
Mrs Gays 1953 1003 176 13.6 83.9 1951-1952 2510 57 21 58 
1953 891 45 16.3 102 8951-1952 | 21350 17 12 46 
Pieieiaieie 1953 768 147 18.4 39.6 |1951-1952 | 2835) 109 40) 40 
2933 846 32.1 68.0 1951-1952 3060. 54 43 
Union South Africa. . . 1951 880 163 15.0 a2 :U 1952 2705 60 26 48 
West Germany....... 1953 1101 935.4. 2/65; 101 37 39 


Norte: Adapted from United Nations Demographic Year Book and Tables of Food Supplies Available for Human 


Consumption [38,39]. 
* ILCD rubrics. 
Excludes aborigines. 
t United Kingdom data. 
§ Economic Union data. 


States as revealed by the vital statistics of 1950. 
After age adjustment, they observed a two-fold 
difference in CHD death rates for white men 
between states with low rates such as New 
Mexico and Arkansas, and states with high rates 
such as New York and Rhode Island. The dif- 
ferences between areas for white women showed 
a similar pattern but were somewhat larger. 
There was a tendency for the states with high 
death rates attributed to CHD to cluster and 
these areas centered about the conurbations 
associated with New York City, Chicago, New 
Orleans and Los Angeles. The finding conforms 
with the earlier experience that death rates for 


CHD are higher in urban areas |.335|. Enterline 
and Stewart proposed no specific explanation 
although they were persuaded that the regional 
differences were real. Lew [30] has made the 
ingenious explanation already described, namely 
that the regional differences are largely a 
reflection of different degrees of medical sophis- 
tication in certification of cause of death. Lew 
illustrates a strong association of age-adjusted 
death rate attributed to arteriosclerotic heart 
disease and the number of internists per 100,000 
white persons. The fact that the CHD death 
rates and the death rates from all causes are 
closely associated, and further that the excess of 
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TABLE V 
DEATH RATES/100,000 By CGAUSE—-MEN FORTY-FIVE TO FIFTY-FOUR YEARS OF AGE 
ILCD | U.S. White U.S. Japanese Hawaiian-Japanese Japanese 
Rubrics | 1950 | 1949-1952 1949-1951 1952 
Arteriosclerotic heart disease. ........ 420-422 348 | 152.5 88.8 | 40.9 
Vascular lesions of the central nervous | 


| 


Nore: Adapted from Gordon’s sources | 47} and the United Nations Demographic Yearbook 1954 | 39). 


CHD deaths will largely account for the excess 
of total deaths is probably the best evidence that 
the force of CHD mortality is truly larger in the 
urban areas. But unresolved is the question: 
Does urban life select persons with heart disease 
—or does it cause heart disease? 

The British experience with regional differ- 
ences in mortality also indicates important 
differences among areas. Men in rural areas 
have a measurably lower death rate than women 
in rural areas |36]. For coronary disease mortal- 
ity the rural advantage is about 15 per cent for 
men and 10 per cent for women for all of Eng- 
land and Wales. 

The question of international differences of 
CHD is almost as controversial—and unscien- 
tific—as international diplomacy. The collec- 
tion of comparable vital statistical data has 
just begun. There is a_ notable parallelism 
between the social and economic development 
of a nation and the quality of its vital statistics. 
It is, on the surface, an attractive proposal that 
we may find the clue to causation in CHD by 
comparing people with different environmental 
characteristics. The difficulty arises, assuming 
that adequate measurements have been made, 
that the cultural attributes are so multiple and 
devious that one cannot safely assign the cause 
of the measured differences. Mainland has 
succintly put this problem ‘‘ However desirable 
a piece of epidemiologic information may be, 
we may have to recognize that it is not merely 
difficult or expensive, but actually impossible to 
obtain. Unless thorough and prolonged thought 
and detailed planning give reasonable assurance 
of success, it is better to refrain from a survey 
than to produce equivocal results which not only 
waste effort and money but bring epidemiologic 
methods into disrepute” [37]. 

_ Itis a popular but not very profitable game to 
select nations whose vital statistics show differ- 
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ent death rates attributed to “heart disease’’ or 
even to CHD and then to search for associations 
among other available population data. The 
search has generally been among the Food and 
Agricultural Organizations Food Balance tables 
|38]. The vital statistics are readily available in 
the Demographic Year Books of the World 
Health Organization [39]. An example of the 
material is shown in Table tv. While the vital 
statistics may be sound for local use it seems 
unsafe to compare them among nations. Many 
nutritionists experienced with dietary histories 
doubt that food balance sheets have meaning in 
evaluating the food intakes of individuals. And 
if we face these obstacles and find an association 
of diet and disease how do we interpret its 
meaning? 

A unique example of international compari- 
sons of vital statistics may be found in the 
mortality experience of Japanese in the United 
States, Hawaii and Japan. It has been stated 
that autopsy and clinical experience in Hawaii 
revealed less arteriosclerosis and heart disease 
among Japanese than among Caucasian resi- 
dents [40]. Gordon [47] has examined the ma- 
terial of the National Office of Vital Statistics 
supplemented with Japanese data. He found 
that Japanese men thirty-five to seventy-four 
years of age have lower death rates for diseases 
of the heart than do white American men of 
these ages. The death rates among Japanese men 
for diseases of the heart are low in the United 
States (compared to white men), still lower in 
Hawaii, and much lower in Japan. (Table v.) 
The excess of deaths for vascular lesions of the 
central nervous system is important among the 
Japanese in Japan and the excess is greater 
among women and above age fifty-four. Gordon 
tended to interpret these geographic differences 
of mortality among Japanese as an expression of 
some cultural or environmental effect upon the 
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biological forces of mortality. This is a hazardous 
conclusion until an examination of the identity 
of medical diagnostic practices in the three 
cultural groups has been established. Gordon has 
commented upon the large fluctuation of death 
rates for vascular lesions of the central nervous 


TABLE VI 
STANDARDIZED MORTALITY RATIOS BY SOCIAL CLASS 
(ENGLAND AND WALES) MEN 


Social Class 


Cause of Death 


— — = — 


(7930-1932) Thirty-five to Sixty-four Years of Age 


Coronary heart disease... .. . 2371148; 95| 66| 67 
Myocardial degeneration. . 77| 92} 94) 105 | 122 


(7950-1952) Twenty to Sixty-four Years of Age 


Coronary heart disease..... . 150;110;104; 79; 89 


Myocardial degeneration....| 67| 82} 97, 98/137 


Nore: Adapted from Table v. The Registrar-Gen- 
eral’s Decennial Supplement, England and Wales 1951. 
Occupational Mortality 1. London, HMS. O., 1954. . 


system among the Japanese in Japan since 1918. 
This diagnosis seems to be an uncertain one. If, 
indeed, the prevalence of this disorder is as high 
in Japan as the mortality data suggest, one would 
expect to find a large number of persons who 
survived the attack with neurologic disease. 
This finding has not been documented. Never- 
theless, few would doubt that Gordon’s data 
demonstrate some excess of heart disease in 
white men and probably an excess for this cause 
among Japanese-American men when they are 
compared with men in Japan. If we accept 
this qualitative difference in the groups how 
are we to use the information? To be useful, the 
environmental factors which cause this differ- 
ence must be identified. 

The Effects of Activity Differences on CHD, 
There is a widespread conviction among 
doctors that CHD is a particular hazard to 
professional and business men. Morris et 
al. {9} have. confirmed the frequency of 
CHD in a large group of British physicians 
thirty-five to sixty-four years of age who were 
insured with non-cancellable policies and could 
thus be traced through company records. The 
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usual explanation for this proclivity was amus- 
ingly described by Arnott as the “stress and 
strain”? theory [42]. To quote him: ready 
acceptance of the ‘stress and strain’ concept is 
very understandable. It nourishes the amour 
propre of the believer and it is readily acceptable 
to the unfortunate victim and his relatives. It 
places ischemic heart disease in the position 
of being the unjust reward of virtue. How much 
nicer it is when stricken with a _ coronary 
thrombosis to be told it is all due to hard work, 
laudable ambition and selfless devotion to duty 
—than to be told it is due to gluttony and phyvysi- 
cal indolence.”’ It has proved difficult to resolve 
the importance of these antithetical causes 
because stress and strain, physical activity and 
gluttony are each exceptionally difficult to 
measure. A useful beginning has been made by 
Morris and his colleagues with the data for 
mortality by occupation of the British Registrar- 
General | 43]. The hypothesis is well stated there 
. . that men in physically active jobs have a 
lower incidence of coronary heart disease in 
middle age, than men in physically inactive 
jobs.”? Percy Stocks in 1951 had described [44] 
the regular trends of CHD observed in the 
mortality by occupation data from 1930 to 1932. 
The favorably placed social classes* have coro- 
nary artery disease, the less well placed classes 
have myocardial degeneration. (Table v1.) 

An index of mortality called the standardized 
mortality ratio (SMR) is the usual British way of 
stating such mortality comparisons. This is the 
ratio of the actual to the ‘“‘expected”’ deaths, ex- 

*'The British Registrar-General has, since 1912, 
grouped occupations into social classes for reporting oc- 
cupational mortality. In 1912 eight social classes were 
distinguished. Since 1921, five social classes have been 
used. This is not a classification of individuals but rather 
of occupations. Economic status is only incidentally 
reflected in the classification. The five social classes and 
the percentage distribution of occupied and retired men 
in 1951 are as follows: 


Per cent of All 


Class 


Description of Occupations | Occupied and 
Retired Men 
I _ Major professions | 3.4 
11 Small business and other | 13:2 
_ professions 
ut § Skilled workers, blackcoated, | 51.9 
| 
iv | Semi-skilled and agricultural | 3.7 
Vv | Unskilled, most laborers | i2.3 
| 


| 
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pressed as a percentage. The expected deaths are 
the deaths obtained by applying the age-specific 
rates for men of all occupations to the number of 
men in the specific occupation being examined. 
If the SMR for an occupation is 200 for a given 
cause it means that this occupation has twice 
the death rate of the entire population, which 
includes all occupations. Stocks proposed that 
differences of expenditure of energy would 
explain these occupational differences just as 
well as “‘anxiety.”’ Morris and Heady [43! 
analyzed the data for the occupational mortality 
from 1930 to 1932 published in the British Regis- 
trar-General’s Decennial Supplement. The phys- 
ical activity of about two and a half million men 
of seventy occupational groups in social classes 
11, 1v and v combined were classified into three 
categories of work which were “heavy,” 
‘intermediate and doubtful’ and “‘light.”’ The 
mortality from CHD for men in the heavy 
working category aged forty-five to sixty-four 
years was about one-half that of the men in the 
“light” working category. The heavy workers 
experienced more fatal accidents but this was 
the only cause of death for which they were at 
disadvantage. [There was a variety of diseases 
with little or no association between mortality 
and work load category, including valvular 
heart disease, vascular lesions of the central nerv- 
ous system, nephritis and bronchitis. Certain 
diseases showed a definite increasing trend of 
mortality from heavy to light work, irrespective 
of the social class, and this trend persisted among 
several occupational groups. The data for men 
aged forty-five to fifty-four years for several 
causes are shown in Table vu. Morris and Heady 
discuss the complication that results in such an 
analysis if men do light work because of disease 
and do not, as the hypothesis proposes, develop 
the disease because of light work. The artefact 
of disease determining the work seemed unlikely 
for the first group of diseases in Table vir because 
of the usual manifestations and courses of the 
diseases. The distinct trend for diabetes may 
represent confusion of prime cause of death in 
certification since diabetes on the death certifi- 
cate often means dying with diabetes but of 
another cause. 

In another place Morris considers the Regis- 
trar General’s data on the occupational mortal- 
ity from 1949 to 1953 which centers on the 
British census of 1951 [45]. Such analyses depend 
upon a census and one was not made in 1941. 
The available data are preliminary and are 
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based on a 1 per cent sample of the 1951 census 
data. The mortality from CHD by social class in 
England and Wales (1950) was illustrated in 
Table v1. Morris discusses these associations with 
great caution. [here seem to him to be signs 
of “‘new diseases’ such as CHD which are 


TABLE vil 
MORTALITY IN LIGHT WORKERS AND IN HEAVY WORKERS 
(ENGLAND AND WALES 1930-1932 FOR SOCIAL 
CLASSES III, IV AND V COMBINED) 
(Men forty-five to fifty-four years of age. Average death 
rates per million) 


| Inter- 
Cause of Death | | mediate 

| Work | Work 

| Work 

| 
Coronary heart disease... .. 139 225 337 
Cancer of lung and pleura. . 96 158 157 
Disease of prostate........ 26 28 31 
77 83 116 
82 137 163 
Cirrhosis of liver. ......... 7 | 59 58 


Nore: Adapted from Table ur [43]. 


waxing and “‘old diseases” such as tuberculosis 
which are waning. [he first tend to affect the 
rich and the second the poor. Morris lists six 
possible hypotheses which may explain the 


behavior of CHD: 


A high fat dietary causes CHD. 
Exercise protects against CHD. 
Smoking causes CHD. 

Alcohol protects against CHD. 

Nervous strain causes CHD. 


Obesity causes CHD. 


But Morris has not yet proposed that young men 
become lean, hard-working, hard-drinking, 
vegetarian farmers who never smoke and never 
worry. No doubt there are many men who 
would question the advantage of this regimen 
even if we could assure the result. 

The data on occupational mortality for Scot- 
land have been briefly reviewed with respect to 
CHD and diseases of the respiratory system by 
Morrison [46]. Using procedures similar to those 
previously used by Morris and Heady [43] for the 
data of England and Wales, Morrison finds an 
impressive excess of mortality for CHD among 
social classes 1 and nu. The occupations classified 
as “light work’? tended to have standardized 
mortality ratios for CHD of 130 or more and the 
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occupations Classified as “heavy work’’ showed 
ratios of 60 or less. Morrison commented that 
these findings support three of Morris’ hypothe- 
ses, viz., the effects of inactivity, a fat diet and 
excessive nervous strain. Since the dietary habits 
of the population have not been adequately 
measured and the ‘“‘nervous strain”’ is probably 
not measurable, the exercise hypothesis would 
seem to be presently the most amenable. Garry 
et al. [47], with data on a small number of people 
for dietary intake and energy expenditures, 
found the following: 


‘Total Calories 


Cial- 

ories 
Social per 
Class At Dur- Day 

Day | Work | “~ sm! | (%) 


sure | Sleep 


Miners IIIA. .| 3660! 1750 |1420| 490 | 150 | 33. 
Clerks IIIB... 2800 890 1410 500 | 119 35. 


5 
3 


But the SMR for miners (all types) from 1950 to 
1952 was 96 and for clerks it was 138 | 4], for coal 
miners in England and Wales the SMR is 78. 
The difference here seems to be exercise not 
dietary fat. 

Lilienfeld |[66| has examined the relation of 
socio-economic status to heart disease mortality 
in the Baltimore, Maryland experience of 1949 
through 1951. Lacking a classification according 
to occupation Lilienfeld used the data of census 
tracts in which were recorded, for 1950, the 
proportion of home ownership, the median 
monthly rentals and the general kind of occupa- 
tion of household heads. Using this kind of 
information he divided the city’s population into 
five classes. In contrast to the British findings— 
and it should be observed that the British Social 
Classes and Lilienfeld’s classification by census 
tract data have no clear equivalence—the mor- 
tality in Baltimore assigned to coronary heart 
disease showed no trend among classes. Death 
rates attributed to myocardial degeneration 
were highest among the low socio-economic 
classes in Baltimore with evidence of a distinct 
trend. The latter cause resembled the British 
experience but combining the two causes for 
Baltimore data left the low economic class with 
the highest death rate from these causes whereas 
a similar combination of British data still leaves 
the Social Class I (professional people) with the 


highest death rate. These differences seem to 
indicate that biological forces should not be 
implicated as the explanation of the mortality 
differences until the equivalence of classification 
of economic classes and medical procedures has 
been established. 

Morris and Raffle |48| have described an 
ingenious study of the role of occupation upon 
the incidence and clinical manifestations of 
CHD among employees of a London transport 
company. The health records of 25,000 male 
employees, aged thirty-five to sixty-four years, 
were examined. In the initial two years of the 
study there were 111 first ‘‘attacks’’ of CHD. The 
attack rate was 2.7 per 1,000 for 15,500 drivers 
and 2.0 per 1,000 for 9,500 conductors who spent 
their work day walking up and down the aisles 
and stairs of the buses. The disease was mani- 
fested differently in the drivers for in only 13 per 
cent of them did the disease begin with angina 
pectoris although 38 per cent of the CHD in 
conductors began with this manifestation. The 
mortality rate in the first three days for the 
drivers was about double that for the conductors 
and the mortality rate at three months was 1.3 
and 0.6 per 1,000, respectively, for drivers and 
conductors. The authors interpreted this as sug- 
gesting that the greater physical activity of the 
conductors protected them and also led to more 
angina pectoris rather than to myocardial in- 
farction or coronary occlusion. It may be, 
however, that occupation selection will explain 
the transport workers experience and the die 
was cast for CHD by events that preceded the 
men’s employment. As Dr. Howard Sprague 
has eloquently expressed it. ‘The men who de- 
velop heart disease may just be the kind of peo- 
ple who like to be on the head end of a bus.” 
Morris did find in a subsequent investigation [49} 
that the transport company’s records of sizes of 
uniforms issued indicated that the sedentary 
drivers were larger—and presumably fatter— 
men when they started their employment 
than were the conductors. Furthermore, con- 
ductors who became drivers were also larger 
men than the other conductors. 

Sex Differences in CHD Mortality. One of the 
striking epidemiologic features of CHD is the 
difference of its behavior among men and 
women. All types of study, whether clinical, 
autopsy, retrospective or prospective, have 
observed that under fifty years of age the disease 
selects men and after this period the ratio male/ 
female begins to diminish. Any tenable theory 
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of the causation of CHD must explain this sex 
selection. It seems established that early 
oophorectomy diminishes the protection § of 
women both to atherogenesis |50| and to the 
development of CHD [57]. Reference has been 
made to the advantage, among urban dwellers, 
which women have for mortality from CHD | 36}. 
The British occupational mortality also showed 
a distinctly lower SMR for the married women 
(classified by husband’s occupation) of social 
classes 1 and 1 than were found for men in these 
classes. [hese comparisons must eliminate 
diagnostic and certification differences so that 
the difference is probably real. Indeed, clinicians 
will scarcely require persuasion on this point for 
CHD in a woman under fifty years of age and 
without diabetes, hypertension or hypercho- 
lesteremia Is very rare. 

Madigan [52] has studied the extent of en- 
vironmental influences upon the _ favorable 
mortality circumstances of women. He studied 
a carefully selected sample of male and female 
members of religious orders who live in unusually 
constant and comparable environments. His 
findings indicated that biologic factors were 
more important than cultural in affecting 
mortality. Thus it was nature not nurture which 
had the predominant effect. 

The extent of the predominance of CHD in 
men has been vehemently discussed. Keys has 
proposed |53| that the sex ratio of CHD (male/ 
female) is related to the total level of CHD 
mortality. When the force of CHD mortality 
becomes high the ratio falls because the protec- 
tion of “‘female’”’ is overwhelmed. Lee and 
Thomas [54] observed that the ratio is also very 
low when the force of CHD or atherogenesis is 
very low. Walker, Anderson and Bersohn [535] 
found a sex ratio approaching 1 in their Bantu 
material. It is pertinent that Lober [56], who 
used perhaps as efficient a system of grading 
atherosclerosis as has been developed, found 
that the anatomic evidence showed a much 
lower sex ratio in his Minnesota autopsy material 
than those usually found for CHD. These initial 
studies of the sex selection of CHD seem to 
emphasize the need for more intensive study of 
this phenomenon. The disparity of the sex ratio 
for atherosclerosis compared with CHD, the 
suggestive sensitivity of the sex ratio to the force 
of CHD mortality, and this excellent oppor- 
tunity in vital statistical data to eliminate the 
complexities of diagnostic and certification dif- 
ferences among different areas, all offer unique 
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opportunities for study. The similarity of dietary 
habits and the dissimilarity of physical activity 
among husbands and wives during their repro- 
ductive period affords another promising op- 
portunity to study the role of these hypothetic 
factors. | 

The Anatomic Evidence. The debate is some- 
times confused by the addition of anatomic 
data because CHD, the clinical entity, is not 
equivalent to atherosclerosis, the anatomic 
entity. Very little can be concluded from the 
spate of anatomic data concerning the preva- 
lence of atherosclerosis of the coronary arteries. 
Hospital autopsy series tend to be “‘selected”’ 
in a complicated way whether in areas that are 
medically highly developed or in primitive areas. 
In addition, no satisfactory method has been 
found for evaluating the extent of atherosclerosis 
observed. This obstacle emphasizes again the 
importance of the electrocardiographic evidence 
in population studies of CHD. 

In 1934 Levy et al. [57] observed that in the 
interval from 1920 to 1930 the autopsy experi- 
ence of the pathology department of the Presby- 
terian Hospital in New York showed little in- 
crease of coronary artery disease although the 
clinical records indicated an increase of 400 per 
cent in the diagnosis of CHD during this interval. 
The most acceptable evidence of the unique 
freedom of Oriental people from atherosclerosis 
was the tragic native war causalty material 
studied by Benjamin [58] and by Steiner [59] in 
Okinawa during World War u. The Okinawans 
were almost free of the disease, even the aged. 
The American battle casualties in Korea [60] re- 
vealed gross atherosclerosis in the coronary 
arteries of three-fourths of the men and these 
were mostly under age forty. In 1915 Méncke- 
berg [67] found essentially the same in young 
European soldiers. Yater et al. [62] have pub- 
lished extensive descriptions of the coronary 
artery disease in military men as collected 
by the Armed Forces Institute of Pathology. 
Schornagel [63] has reviewed the autopsy 
data collected in Rotterdam for the period 
from 1940 to 1951. There was a wartime de- 
crease of myocardial infarction and especially 
a decrease of coronary thrombosis suggest- 
ing that the phenomenon may have _ been 
one involving thrombogenesis rather than 
atherogenesis. Morris [64] has discussed at 
length the question of whether the apparent 
increase of CHD since 1920 is related to a change 
of extent of atherosclerosis, or of thrombosis as a 
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complicating mechanism. Morris examined the 
autopsy material of London Hospital for the 
interval from 1908 to 1949. Using the reason- 
ably objective criterion of aortic calcification 
he concluded that there was /ess atherosclerosis 
in the period from 1948 to 1949 than in the 


period from 1908 to 1912. He observes that if 


this conclusion is valid, in the face of increasing 
({HD, the emphasis in our studies should be not 
with atherogenesis but rather with thrombosis. 
[f thrombosis is the problem then we may have a 
better explanation for the decrease of CHD 
death rate in subjects past sixty years of age 
when the accumulation of placques has become 
maximal. [t is not contended that atherosclerosis 
is unimportant but rather that some necessary 
critical level of atherosclerosis serves as the 
substratum for the mechanism of thrombosis. 
The crucial question is then ‘“‘Has there been a 
lowering of the critical level of coronary 
atheroma?” [hat this is not the entire explana- 
tion of the mechanism of CHD is emphasized 
by the frequency with which typical sudden 
death occurs in men with coronary atheromas 
but without evidence of thrombosis or complete 
occlusion. These events, comprising perhaps a 
quarter of all deaths attributed to CHD, would 
seem best explained by the concept of a differ- 
ential myocardial oxygenation which leads to 
fatal arrhythmia, as described by Beck and 
Leighninger [65}. 


CONCLUSIONS 


All these considerations of the epidemiology 
of coronary heart disease lead to several personal 
impressions: | 

1. The available evidence indicates that the in- 
crease in coronary heart disease revealed by vital! 
statistics is largely artificial. 

2. The epidemiologic data suggest the need for 
laboratory investigation of the role of energy 
balance and physical activity in the development 
of coronary atherosclerosis and thrombosis. 

3. New epidemiologic data are needed from 
prospective studies of populations which empha- 
size certain cultural differences. The literature 
abounds with  uninterpretable 
studies, and especially autopsy series. There 
is a great need among medical scientists for a 
better appreciation of the advantages of the 
planned experiment. Epidemiologic data must 
meet three requirements to be useful: (1) the 
population studied must be described so that an 
independent worker could obtain a comparable 


retrospective 


eroup; (2) the methods must be reproducible: 
and (3) the data must be shown itn suflicient 
detail so that independent analysts can evaluate 
them. 

4. Epidemiology is apt not to be a decisive 
method for resolution of these problems of 
chronic disease despite the current popularity 
of this endeavor. At best, the method may sup- 
ply a few clues and enough encouragement to 
gifted people who, by intuitive knowledge and 
industry, will find the answer in the laboratory. 
Those who propose that the models of epidemio- 
logic method developed in the study of infectious 
disease may be directly applied to chronic 
disease do not perceive the unique obstacles 
presented by the slow time scale of coronary 
heart disease. 
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published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine. Preventive Medicine and Pathology 
of the Washington University School of Medicine and by Junior and Senior medical 


students. 


His housewife, fifty-one years of age, was 
to Barnes Hospital for the first 
time on April 6, 1956 with the chief complaint of 
abdominal swelling of one month’s duration. 
She died on April 9, 1956. 

Her past history revealed that she had under- 
gone a cholecystectomy at another hospital on 
February 19, 1956 because of abdominal symp- 
toms of unknown character and moderate 
fatty food intolerance, both of five to six years’ 
duration, thought to be secondary to previously 
demonstrated gallstones. Postoperatively she 
went into shock. The abdomen was re-opened. 
Blood was found in the peritoneal cavity. A 
ligature was placed around an arterial bleeder 
in the peritoneal cavity. The patient required 
eight blood transfusions of 500 ml. each. 
Recovery was slow. She ran a fever with tem- 
perature rises of 102° to 103°r. for some days: 
this was associated with abdominal discomfort, 
nausea and vomiting. She was discharged after 
two weeks. Anorexia and nausea, however, 
persisted. About March 15, 1956, she _ re- 
entered her home town hospital because of 
rapid swelling of the abdomen. Her temperature 
ranged between 101° to 102°r. She was somno- 
lent. On March 30, 8,000 ml. of clear straw- 
colored fluid was removed by abdominal 
paracentesis. Following this procedure oliguria 
developed despite mercurial diuretics. The 
vomiting became worse. She was given 1,000 ml. 
of 5 per cent glucose in normal saline daily by 
parenteral route. Five days before admission to 
Barnes Hospital the blood non-protein nitrogen 
was 38 mg./100 ml., the total serum protein 
value was 5.9 gm./100 ml. and the albumin was 
1.9 gm./100 ml. On the day before admission 
1,600 ml. of fluid were removed from the stom- 
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ach by Wangensteen suction. The patient be- 
came increasingly drowsy. There was no 
jaundice. At no time were abdominal organs or 
masses palpated. There was no history of exces- 
sive alcoholic intake, previous jaundice, liver 
dysfunction, hematemesis, melena or abdominal 
pain other than as described; nor was there a 
history of recent exposure to infection or to 
hepatotoxins. 

The patient’s previous health had been good. 
She had undergone a uterine myomectomy and 
appendectomy thirteen years previously. She 
had had intermittent infections of the urinary 
tract for about twelve years. 

On physical examination her temperature was 
37°c.; pulse, 120; respirations, 20; blood pres- 
sure, 70 mm. Hg systolic. The diastolic pressure 
was not recorded. The patient was normally 
developed and well nourished. She appeared 
lethargic and acutely ill. The skin was dry over 
the trunk, but the extremities were cold and 
sweaty. There was no jaundice. No lymph node 
enlargement was present. The eyes were sunken, 
but were otherwise normal. The mucous mem- 
branes were dry. The chest was clear. The point 
of maximal impulse of the heart was 10 cm. to the 
left of the mid-sternal line in the 5th intercostal 
space; the rhythm was regular; the tones were 
faint and of poor quality; no murmurs were 
heard. The abdomen was markedly distended. 
Shifting dullness in the flanks and a fluid wave 
were demonstrable. No organs or masses could 
be palpated. No bowel sounds were heard. There 
was no peripheral edema. The nail beds were 
slightly cyanotic. The peripheral pulses were 
weak and thready. A severe vaginitis was pres- 
ent. The deep tendon reflexes were hypoactive. 
There was plantar flexion of the toes in response 
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to plantar stimulation. An asynchronous tremor 
with incoordination on finger to nose test was 
noted. 

Laboratory data revealed the following: 
the hemoglobin was 14.2 gm./100 ml. The 
white blood cell count was 21,850 per cu..mm. 
with the following differential pattern: band 
forms, 3 per cent; polymorphonuclear leuko- 
cytes, 85 per cent; lymphocytes, 8 per cent; 
monocytes, 4 per cent. The urine pH was 5.0: 
there was 3 plus to 4 plus proteinuria and no 
elycosuria; 2 to 5 pus cells were seen per high 
power field in the centrifuged sediment. A 
cardiolipin reaction for syphilis was negative. 
The blood non-protein nitrogen was 49 mg./100 
ml. and the serum electrolytes were as follows: 
sodium, 118; potassium, 7.0; carbon dioxide, 
26.7; and chloride, 69 mEq./L. The electro- 
cardiogram showed sinus tachycardia with 
periods of 1:1 response alternating with periods 
of 2:1 sino-auricular block. The prolonged atrio- 
ventricular and intraventricular conduction 
times and the high T waves were thought to be 
compatible with hyperkalemia. 

On admission to the hospital the patient was 
placed on Wangensteen suction and achromy- 
cin.” The blood pressure did not respond to 
vasoxyl® or to norepinephrine. Because of the 
electrolyte abnormalities she was given 300 ml. 
of 5 per cent sodium chloride intravenously. 
After 100 ml. of this solution the electrocardio- 
gram reverted to a more normal pattern. The 
tracing was now thought to be consistent with 
anterior myocardial infarction of uncertain 
duration. By midnight of the first hospital day 
she had received a total of 1,200 ml. of fluid 
containing 300 mEq. of both sodium and chlo- 
ride and 500 ml. of blood. She had voided only 
40 ml. of urine. By the next morning the serum 
electrolytes were as follows: sodium, 123; potas- 
sium, 5.1; chloride, 80; and carbon dioxide, 
21.6 mEq./L. Calcium was 9.2 mg./100 ml. and 
phosphorus, 4.9 mg./100 ml. The non-protein 
nitrogen was 51 and cholesterol, 108 mg./100 
ml.; total serum protein, 6.0 gm./100 ml; 
albumin, 3.1; globulin, 2.9; alkaline phospha- 
tase, 11.5 Bodansky units; cephalin cholesterol 
flocculation test, 2 plus, thymol turbidity, 3.1 
units; total bilirubin, 1.3 mg./100 ml. with 
direct acting bilirubin, 0.4 mg./100 ml.; indirect 
acting bilirubin, 0.9 mg./100 ml. The serum 
gslutamic-oxaloacetic transaminase was 31 units 
and the prothrombin time was 16 seconds with a 
control of 14 seconds. Urine collected by in- 


dwelling catheter showed a specific gravity of 
1.022; the pH was 5.0; there was a trace of 
protein and 2 plus glycosuria; 5 to 7 red cells 
and 3 to 4 pus cells per high power field were 
seen in the sediment following centrifugation. 
The blood pressure finally rose to near normal 
levels with the administration of nor-epinephrine 
and the urine output increased, totalling 570 ml. 
on the second hospital day. Fluid and electrolyte 
replacement were continued. A blotchy cyanosis 
of the left leg developed below the insertion of a 
femoral catheter. The temperature remained 
37.6°c. and the pulse remained 90. On _ the 
morning of the third hospital day the non- 
protein nitrogen was 52 mg./100 ml. and 
the serum electrolytes were: sodium, 131.1; 
potassium, 4.6: carbon dioxide, 26.1; and 
chloride, 88 mEq./L. The hemoglobin was 
12.5 gm./100 ml. and the white blood cell 
count was 29,800 per cu. mm. The pulse rose to 
120. Basilar rales developed and the patient was 
started on digitalis. She seemed to be doing 
fairly well, but on the morning of the fourth 
hospital day she was found dead in_ bed, 
cyanotic, with hyperextension of the neck. 


CLINICAL DISCUSSION 


Dr. Epwarp REINHARD: This fifty-one year 
old woman was well until seven weeks prior to 
her death, except for five to six years of gall 
bladder symptoms. For these symptoms a 
cholecystectomy was performed. Immediately 
after the operation abdominal pain and shock 
developed necessitating surgical re-entry into 
the abdomen. Bleeding vessels were noted. A 
series of complicating events subsequently 
occurred which ultimately led to her death. It 
appears likely that the abrupt downhill course 
in this patient was directly related to the chole- 
cystectomy and the ensuing complications. 
Consequently, I would like to start the discussion 
by considering the complications which may 
attend or follow cholecystectomy. First, however, 
I would like to have Dr. Charles review for us the 
anatomy of the region around the cystic and the 
common bile duct. 

Dr. C. M. CHARLEs: The celiac axis gives off 
three branches. One of these is the hepatic artery 
which first provides the right gastric and then 
turns upward giving off the gastroduodenal. As 
the hepatic artery approaches the liver it 
divides into right and left branches. The cystic 
artery rises from the right hepatic branch. The 
distribution of the hepatic artery and of the 
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cystic artery varies greatly. In over 30 per cent 
of cases, an abberrant origin of the hepatic 
artery is found. The right hepatic artery may be 
displaced, originating from the superior mesen- 
teric artery and may be ligated at its crossing of 
the cystic and common duct during chole- 
cystectomy. Accessory hepatic arteries may also 
be found. Variations of the cystic artery are 
even more common than those of the hepatic 
arteries. In more than 20 per cent of persons it 
does not originate from the right hepatic artery, 
but from the left, the common hepatic or even 
the gastroduodenal artery or the celiac axis. In 
these instances it crosses the hepatic or common 
bile duct. Double cystic arteries occur in about 
one-fourth of persons. It is of import to note that 
in the triangle of Calot the cystic artery, the 
right hepatic artery, the cystic duct and the 
common bile duct are in close approximation. 

Dr. REINHARD: Dr. Lischer, would you com- 
ment on the probable cause of bleeding noted in 
this patient at the time of reoperation? Would 
you guess that hemorrhage was coming from 
the cystic artery or is it possible that the hepatic 
artery had inadvertently been traumatized? 

Dr. Cart LiscHer: The cystic artery can cer- 
tainly bleed postoperatively. The ligature can 
come off or there may be an accessory cystic 
artery which was not ligated. Bleeding can also 
come from the liver bed. In addition the right 
hepatic artery is very easily mistaken for the 
cystic artery at times, especially when it is 
anterior to the common hepatic duct. I do not 
know how often the right hepatic artery 1s 
ligated but it most certainly does not lead to 
death in all cases. In the experimental animal, 
ligation of the hepatic artery can result in death. 
The use of antibiotics, however, has reduced the 
mortality in these animals. I found a case report 
in the New Zealand and Australian Journal of 
Surgery {7} in which the main hepatic artery as it 
lies in close approximation to the common duct 
was ligated because it had been eroded by a 
T-tube in the adjacent common duct. On re- 
operation of this patient six months later, the 
stump of the hepatic artery could be seen and 
biopsy of the liver revealed no evidence of 
gross or microscopic abnormality. It is important 
to note that if the hepatic artery is ligated close 
to its origin from the aorta there is less chance of 
liver damage ensuing. On the other hand, liga- 
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tion at the periphery produces greater probabil- 
ity of hepatic infarction. | 

Dr. REINHARD: Infarction of the liver is rare, 
presumably because of the generous collateral 
circulation of the liver. In an article by Graham 
and Cannell {2| from the University of Toronto 
and published in the British Journal of Surgery a 
very interesting case is reported of accidental 
ligation of the hepatic artery. In addition a 
review of the world’s literature totalling twenty- 
eight cases of hepatic artery ligation in man was 
described. Of the twenty-eight cases, six liga- 
tions occurred during cholecystectomy and were 
presumably accidental. In ten, ligation occurred 
during surgery for resection of the stomach for 
carcinoma or ulcer. In three it was a deliberate 
procedure because of rupture of the artery and 
in two because of aneurysm of the artery. In the 
remaining cases it was presumed to be for 
miscellaneous reasons, in most cases inadvertent. 
Of the twenty-eight patients, sixteen died and 
twelve recovered. It is significant that twelve 
of the sixteen patients who died following 
ligation did so within the first two weeks, so that 
in general one may say, if our patient had 
hepatic artery ligation and survived for three 
weeks her chances for recovery were good. In 
view of these reports it seems probable that our 
patient might well have been in the process of 
recovering from some operative hepatic vascular 
insult and that her death was due to another 
superimposed vascular event. 

The clinical manifestations of ligation of the 
hepatic artery include pain in the hepatic 
region, tenderness over the liver with muscle 
spasticity, vomiting, fever and _ leukocytosis, 
jaundice and hemorrhagic manifestations asso- 
ciated with hypoprothrombinemia. Hepatic 
infarction when it does occur may lead to subse- 
quent abscess formation. In our patient, pain 
was present but it was not localized over the 
hepatic region. There was no muscle tenderness 
or spasticity and jaundice was only minimal. In 
addition, there was no hypoprothrombinemia. 
There was fever and striking leukocytosis. Dr. 
Shank, were the liver function tests, the ascites 
and the other manifestations here compatible 
with hepatic infarction? 

Dr. RoBERT SHANK: Although the changes in 
liver function were only of a moderate degree I 
do not think that infarction of the liver can be 
eliminated. It seems to me that ascites accom- 
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panying ligation of the hepatic artery could 
occur only if there were co-existing factors pres- 
ent such as hepatic disease, cirrhosis or some 
other complicating feature. 

Dr. REINHARD: One would have to attribute 
the ascites then to some other complication and 
not to simple hepatic infarction secondary to 
hepatic artery ligation. Dr. Shank, you saw the 
patient in the hospital and wrote a note stating 
that you thought portal vein thrombosis was a 
possibility. 

Dr. SHANK: When we saw this patient we took 
the approach that you have taken today. That is, 
that the events which developed were related to 
the surgery. We thought it was most likely that 
there was involvement of the portal vein rather 
than of the hepatic artery. Obstruction of the 
portal vein can be secondary to thrombosis and 
be associated with infection as well. Fever and 
leukocytosis may occur in uninfected portal 
system thrombi as well as in infected ones. On the 
other hand, the fever persisted for a long time in 
this patient so we suspected the possibility of 
hepatic abscesses tollowing infected portal vein 
thrombosis. Ascites as a consequence of long 
standing portal vein thrombosis is_ certainly 
not a rarity. 

Dr. REINHARD: [his patient did not have an 
enlarged spleen or hematemesis. 

Dr. SHANK: Yes, that is disturbing and there 
were also no signs of venous anastamoses upon 
the abdominal wall. 

Dr. REINHARD: In Dr. Popper’s recent book 
.3| I came across the statement that contrary to 
previously held opinions, occlusion of the portal 
veln at surgery does not produce serious conse- 
quences. He suggests that symptoms of shock, 
ascites and death previously ascribed to this 
lesion are really due to thromboses extending 
into the mesenteric and splenic veins; such exten- 
sion of the thrombotic process is, of course, 
a common accompaniment of portal vein 
thrombosis. 

Dr. Butcher, what do you think was the pri- 
mary lesion in this patient? 

Dr. HArveEy BuTcHER: From the evidence 
presented, I am rather opposed to ligation of the 
hepatic artery, or injury, as a major diagnosis 
and after listening to Dr. Shank I doubt that this 
patient had portal vein thrombosis. The protocol 
can be explained, if one postulates injury to the 
bile ducts with a bile leak and a sub-hepatic, 
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subphrenic, or lesser sac collection of bile with a 
localized bile peritonitis. Abscess formation and 
ascites in this situation can be explained by 
the fact that associated with such collections of 
bile in the abdomen, we occasionally see the out- 
pouring of peritoneal fluid in that portion of the 
peritoneal cavity which is not directly involved 
by the process. 

Dr. REINHARD: You are not disturbed then 
by the accumulation of 8 L. of clear fluid? 

Dr. BuTCHER: No. This fluid might have been 
removed from the free peritoneal cavity and 
not from the localized bile collection. Very little 
is stated about the abdominal findings. Is there 
any additional information? 

Dr. REINHARD: Apparently there was so much 
abdominal fluid that examination of the abdo- 
men was not entirely satisfactory. 

Dr. SHANK: This patient was moribund when 
we saw her. She did seem to have diffuse hepatic 
tenderness but there was no real localization. 
Neither the liver nor the spleen could be 
palpated. 

Dr. REINHARD: Dr. Butcher, would you com- 
ment on the therapy? I get the impression that 
perhaps fluid replacement was suboptimal. 

Dr. BUTCHER: It appears that the deficit in 
extracellular fluid was quite severe. As I under- 
stand it the patient received only 1,200 ml. of 
isotonic fluid plus 300 ml. of 5 per cent NaCl 
solution on the day of admission. This quantity 
would seem to be insufhicient replacement. 

Dr. REINHARD: The patient was also severely 
hypotensive and unresponsive to nor-epineph- 
rine. Dr. Perry, does this suggest also that the 
patient was suffering from hypovolemia? 

Dr. MitrcHeLL Perry: The combination of 
hyponatremia and hypovolemia certainly may 
explain the hypotension and its failure to respond 
to nor-epinephrine. 

Dr. REINHARD: Dr. Price, would you discuss 
this patient’s electrocardiograms? 

Dr. KENNETH Price: The changes are com- 
patible with an acute anterior myocardial 
infarction. There was sinus rhythm with inter- 
ventricular conduction delay and a supraven- 
tricular tachycardia. However, the effect of 
electrolyte imbalance cannot be completely 
evaluated in these electrocardiographic changes. 

Dr. REINHARD: It appears possible, then, that 
the patient either had a coronary thrombosis or 
coronary arteriosclerosis with shock and subse- 
quent myocardial infarction. 

Dr. Recant, would you discuss the oliguria? 
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Dr. Littian Recantr: Apparently oliguria 
developed immediately following the removal 
of a large volume of ascitic fluid. Ascites in- 
fluences renal function, producing in some cases 
diminished glomerular filtration, diminished 
renal blood flow and sodium retention. The pre- 
sumption is that the very rapidly accumulating 
ascites induced striking changes in_ renal 
hemodynamics in this patient. In addition to the 
effect of the ascites per se the abrupt removal of 
large volumes of ascitic fluid with subsequent 
reaccumulation, resulted in hyponatremia and 
hypovolemia. The latter probably produced a 
further diminution in the volume of flow through 
the kidney. I suspect that despite the past his- 
tory indicative of renal infection, that in all 
probability no serious pre-existing renal disease 
was present. The final development of azotemia 
was probably related to the period of shock, 
hyponatremia and hypovolemia. 

Dr. REINHARD: Dr. Bricker, would you com- 
ment on the electrolyte and volume changes? 

Dr. NEAL Bricker: The initial event in the 
evolution of these changes was probably the 
formation of ascites. In response to the decrease 
in effective extracellular fluid volume, it may be 
postulated that a volume control system was 
activated resulting in the renal retention of salt 
and water, presumably to meet the needs of the 
organism. With the removal of 8 L. of ascitic 
fluid and the subsequent reaccumulation, one 
would assume that the volume control system 
was activated, resulting in antidiuretic hormone 
release (despite decreasing tonicity) which pro- 
moted maximal water retention. Presumably at 
this time, also, the amount of water per- 
mitted, was out of proportion to that of sodium. 
Hence, she continued to expand total extra- 
cellular fluid volume hypotonically and a pro- 
gressive hyponatremia developed. Finally, after 
the large amount of ascites was removed, fluid 
rapidly reaccumulated in the intraperitoneal 
space, and resulted in intravascular hypovolemia, 
hypotension and eventually peripheral vascular 
collapse and oliguria. 

Dr. REINHARD: The anatomic changes pro- 
duced in the kidney were what? 

Dr. Bricker: Certainly sustained hypotension 
may result in acute tubular necrosis. However, 
in view of the fact that the urinary output was 
recorded at over 500 ml. on the day following 
hypotension I would expect to find no large 
scale tubular disease. Probably there will be flat 
based healed scars suggestive of old pyelo- 
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nephritis but I would think that the kidneys 
would show no major lesion which contributed 
to her death. 

Dr. REINHARD: After several days in the 
hospital, the patient seemed to be improving 
when something happened which caused her 
very sudden death. Dr. Butcher, would you 
comment? 

Dr. BurcHer: With a femoral catheter in 
place for two to three days followed by the 
development of a cyanotic swollen leg on the 
same side one might expect a local thrombo- 
phlebitis and perhaps a massive pulmonary 
embolus terminally. May I ask Dr. Moore if the 
electrocardiographic findings influenced the 
volume of fluid replacement? 

Dr. Cart V. Moore: The implication has 
been made several times that this woman might 
have received a smaller volume of fluid than was 
indicated. It must be emphasized, however, that 
she had electrocardiographic evidence suggestive 
of acute myocardial infarction. Though she was 
not in obvious congestive failure, it was cer- 
tainly a real possibility that overloading the 
circulation could induce pulmonary edema. It is 
a mistake to leave the impression that it would 
have been highly desirable to give this woman 
another 2 or 3 L. of fluid parenterally under 
these circumstances. Dr. Bricker, would you 
comment? 

Dr. Bricker: I agree with your comments 
and would like to add one other point. At the 
time of admission this patient was oliguric and 
there was no assurance that her urine volume 
would increase with elevation of her blood pres- 
sure to a level sufficient to affect filtration. ‘Thus, 
overzealous fluid administration on the day of 
admission might well have been hazardous, if the 
oliguria persisted. 

Dr. REINHARD: In summary, the course of 
events in this patient appeared to be the 
following: she was relatively well except for gall 
bladder complaints. She had a cholecystectomy 
following which there was intra-abdominal 
hemorrhage which I would guess was probably 
associated with cystic artery bleeding. The 
patient went into shock. The abdomen was 
reopened and the ruptured artery was tied off. 
Following the second surgical procedure ascites 
and profound electrolyte and fluid imbalance 
developed. I am inclined to believe that infection 
in the vicinity of the common bile duct, the 
portal vein and adjacent structures played an 
important part in the lesion. Portal vein occlu- 
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sion probably occurred. If there were infarcts 
within the liver, they may well have become 
converted into abscesses. Myocardial infarction 
probably occurred sometime during the terminal 
illness. [he terminal event seems to be best ex- 
plained by a pulmonary embolus and the discus- 
sion of the renal lesion, I believe, needs no further 
comment except that it was probably secondary 
to the electrolyte changes, fluid depletion and 
shock. 


PATHOLOGIC DISCUSSION 


Dr. WALTER BAUER: At the time of autopsy it 
was noted that no evidence of icterus could be 
seen on external examination. The paracentesis 
incisions were all on the right side of the abdo- 
men. Ihe abdominal cavity was found to be 
partitioned into two compartments of roughly 
equal size by a bile-stained membrane which 
extended from the undersurface of the liver 
down over contiguous loops of small bowel into 
the pelvis on the left side and then up over 
the parietal structures on the left lateral wall 
of the abdomen to the diaphragm. The abdom- 
inal surface of the diaphragm on the left 
formed the superior surface of the compartment. 
The membrane measuring up to 0.5 cm. in 
thickness was in continuity with the gallbladder 
bed, the porta hepatis and extended through 
the foramen of Winslow into the lesser sac. 

Within this membrane-lined compartment, 
3,000 cc. of greenish serofibrinous fluid was 
found. The right side of the abdomen was en- 
tirely dry. 

Close inspection of the biliary tree showed a 
completely normal common and left hepatic 
bile duct. The right hepatic bile duct was 
transected and its distal end ligated along with 
a short stump of the cystic duct. The proximal 
end of the right hepatic duct was open to the 
abdominal cavity. All branches of the hepatic 
artery were identified and only the cystic artery 
was found ligated. No thrombosis of the portal 
vein or infarcts of the liver were seen. In sum- 
mary of the abdominal findings, bile drained 
into the abdomen by way of the transected 
right hepatic bile duct, down along the porta 
hepatis through the foramen of Winslow into 
the lesser sac and from there, or by direct exten- 
sion aleng the porta hepatis, to the root of the 
mesentery to the left side of the abdomen. 

No thrombi were found in the coronary arter- 
ies and no gross evidence of a myocardial infarct. 


A mural thrombus was found in the region of 
the femoral vein catheter and one small recent 
thrombus was found in a small branch of the 
right pulmonary artery without an associated 
infarct. The lungs were only slightly congested 
and contained a small amount of thin fluid. The 
kidneys were of normal size without scars and 
had a distinct pallor to the cortex. There were 
only minor changes in the remainder of the 
visceral organs and no lesions were found in the 
brain. 

Dr. NApdYA Konikov: One of the most inter- 
esting findings, in view of the electrocardiogram, 
was a normal myocardium without evidence of 
infarction or interstitial infiltrate. The iliac vein 
contained a recent thrombus, and there was a 
moderate inflammation of the underlying vein 
wall, suggesting that it was traumatized by the 
catheter. A recent pulmonary embolus of micro- 
scopic size was lying in.a small pulmonary artery. 

The wall of the transected right hepatic duct 
showed no inflammation. Where bile spilled 
from the transected end there was bile staining 
of the peritoneal surface and a mild associated 
inflammatory reaction. The membrane (Fig. 1) 
which assisted in the loculation of bile was 
stained accordingly and fibrous but exhibited 
only minimal inflammatory reaction, consistent 
with a sterile bile peritonitis. Small round cells 
and some large histiocytes were present; most of 
them contained bile pigment. The serosal surface 
of a portion of colon which did not lie in the bile- 
stained cavity showed an organized fibrous 
peritonitis, with some slight bile staining and 
occasional pigment laden macrophages. 

The lobular pattern of the liver was well pre- 
served. Portal areas contained a mild degree of 
round cell infiltration, such as one might see 
with any intraperitoneal infection. A few large 
washed-out nuclei of hepatic cells indicated the 
presence of glycogen. About the gallbladder bed 
there was bile staining and a few very small ac- 
cumulations of hemosiderin pigment, but no 
indications of recent hemorrhage. 

There was slight evidence in the kidney of 
tubular damage at least ten days old. In a few 
convoluted tubules there were dark proteina- 
ceous Casts, sloughing of epithelial cells, numbers 
ot epithelial giant cells and occasionally calcifica- 
tion of the epithelium. (Fig. 2.) Recent damage 
was evidenced by presence of some proteina- 
ceous casts in the distal convoluted tubules, a 
moderate amount of interstitial edema, and 
round cell infiltrate, chiefly at the corti- 


AMERICAN JOURNAL OF MEDICINE 


« 


Cholecystectomy Followed by Ascites, Fever and Oliguria 487 


Fic. 1. Bile-stained membrane, note the minimal cellular 
inflammatory reaction with only a few small round cells 
and large histiocytes containing bile pigment. Hematoxy- 
lin and eosin stain. 


comedullary junction, all suggesting hypoxic 
nephrosis. [There was also a scattered recent 
degenerative lesion of the proximal convoluted 
tubules, perhaps not more than twenty-four 
hours old, with marked vacuolization of the 
tubular epithelium and focal loss of nuclei. 
(Fig. 3.) 

Comparison of the fat content of the adrenal 
(oil red O Stain) of this patient with that of a 
patient of the same age and sex who died acutely, 
confirms the impression of moderate lipoid 
depletion. 

In summary, the right hepatic duct was 
ligated at cholecystectomy. The symptoms de- 
veloping shortly before death were caused by bile 
peritonitis. By the sixth week of the course the 
bile had become loculated, and clear fluid was 
obtained by tapping the major cavity. Renal 
tubular damage was slight, and estimated tovary 
from twenty-four hours to ten days in duration. 

Final anatomic diagnoses: Primary: transec- 
tion of the right hepatic duct; bile peritonitis 
with loculation, membrane formation and 
3,000 ml. of green. serofibrinous exudate 
confined to the left half of the abdomen; 
23 cm. right hypochondrial paramedian healed 
surgical incision; two right lumbar paracentesis 
scars; congestion and edema of lung, 850 gm.; 
hypoxic nephrosis, remote, with tubular de- 
generation, and recent with hydropic tubular 
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Fic. 2. Convoluted renal tubules showing proteinaceous 
casts, sloughing of cells, epithelial giant cells and calcifi- 
cation of the epithelium. Hematoxylin and eosin stain. 


Fic. 3. Recent renal tubular damage with marked vacuol- 
ization of the tubular epithelium and focal loss of nuclei. 
Hematoxylin and eosin stain. 


degeneration; needle puncture wound of right 
groin (history of indwelling femoral catheter); 
recent thrombus formation in right iliac vein; 
edema of right leg: minute recent thrombus in 
small pulmonary artery: acute ulcers in the 
hypopharynx and lower esophagus (history of 
intubation); petechiae and ecchymoses of the 
mucosa of the stomach, small and large intestine 
and urinary bladder; lipoid depletion of adrenal, 
moderate. Accessory: arteriosclerosis of aorta, 
coronary and splenic arteries, slight; sclerosis of 
anterior leaflet of mitral valve, slight; colloid 
adenomas of right lobe of thyroid. 
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Case Reports 


An Illustrative Case of Chronic Pyelonephritis 
with Persistently Hypotonic Urine’ 


CHARLES R. KLEEMAN, M.D. and FRANKLIN H. Epsrein, M.D. T 


Los Angeles, California 


HE importance of chronic pyelonephritis as 
fm cause of Bright’s disease was generally un- 
recognized as late as 1930. Such authorities on 
the kidney as Volhard and Fahr omitted it from 
their classification of “‘Die Brightsche Nieren- 
krankheit’” [7]. It was not until the classic 
clinico-pathologic studies in the 1930’s by 
Longcope [2,3] and Weiss and Parker | 4] that the 
significance of this insidious lesion and its cardio- 
vascular consequences were emphasized. [The 
experimental studies of Mallory, Crane and 


Edwards [5] confirmed the basic histology of 


pyelonephritis and the importance of obstruc- 
tion of the urinary tract in its pathogenesis. More 
recently, these fundamental contributions have 
stimulated a re-evaluation of the bacteriology 
and treatment [35,7], pathogenesis and clinica] 
characteristics |9| of this extremely common 
chronic renal disorder. 

The following case offered an opportunity to 
observe some important characteristics of the 
natural history of this disease, to apply certain 
principles of specific antibiotic therapy and to 
instance of disturbed 


evaluate an unusual 


tubular function. 


CASE REPORT 


E. M., a forty-two year old white machinist, was 
admitted to the Medical Service of the New Haven 
Hospital for the first ttme in November, 1954. He had 
visited a urologist in 1942 following an insurance ex- 
amination in the course of which pus cells were found 
in his urine. At that time he complained of a dull, 
aching pain in the left flank of six months’ duration. 
He had no other symptoms and no other significant 
genitourinary history. Cystoscopy disclosed slight 
redness of the mucous membrane of the bladder. ‘The 
bladder urine showed a specific gravity of 1.016, a 


New Haven. Connecticut 


trace of albumin, a few pus cells, a few bacilli and an 
occasional red blood cell. Microscopic examination of 
the urine from the right kidney was negative; that 
from the left kidney showed moderate numbers of pus 
cells and bacilli and an occasional red blood cell. 
Cultures from the left and right kidney showed no 
growth; however, bladder urine grew out non- 
hemolytic streptococci (enterococci). The left kidney 
excreted 25 per cent of phenolsulfonphthalein in fif- 
teen minutes; the right kidney 15 per cent in fil- 
teen minutes. Appearance ume was five minutes on 
each side. Retrograde pvelograms revealed no 
abnormalities. 

The patient was told to take 1 gm. of sulfadiazine 
three times a day for five days and to return 1n six 
months. He did not return and was completely 
asymptomatic during the next ten years. 

In December, 1952, following an auto accident, he 
was hospitalized for one day. Urinalysis showed a 
specific gravity of 1.010, 2+ albumin, 1 to 4 white 
blood cells, an occasional red blood cell, and few 
bacteria. Hemoglobin was 12.5 gm. per cent. He had 
no symptoms referable to his genitourinary system. 

Subsequent to this accident, the patient never 
regained full health. He noted progressive weakness, 
lethargy, moderate anorexia, polydipsia, polyuria 
and nocturia and weight loss. In June, 1954, he was 
hospitalized in a nearby city because of anemia of 
undetermined etiology and occult blood in his stool. 
The patient was subjected to an exploratory lapa- 
rotomy for questionable intra-abdominal malignancy. 
No abnormalities were found. From June, 1954, unt 
his admission to the New Haven Hospital in Novem- 
ber, 1954, the patient required thirty-three blood 
transfusions. He also noted dizziness, tremor, stagger- 
ing gait and headaches in addition to progression of 
his other symptoms. For a two-week period prior to 
admission, nausea and vomiting had occurred two to 
three times daily. 

Physical examination revealed a well developed, 
moderately well nourished man who appeared pale 
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TABLE I 
TESTS OF URINARY DILUTION AND CONCENTRATION IN A PATIENT WITH CHRONIC PYELONEPHRITIS WITH 


PERSISTENTLY HYPOTONIC URINE 
Urine Serum * Filtered¢ | Filtered t 
lime Osmol- Osmol- Cereatinine | Cures | | Water | Osmolarity 
(min. ) arity arity _(cc./min.) | (cc./min.) (cc./min.) Excreted | Excreted 
Osm/L.) (mOsm/L.) | | 
Study I 
0 1,000 cc. 
60 3.8 220 | 304 $.3 $5.3 | 5.2 73 53 
120 3.4 217 | 298 4.5 4.8 | 5.0 68 49 
180% 3.5 227 298 4.6 51 
240T «ey 226 303 6.1 | 5.2 52 39 
Study IT 
60 2./ 208 293 3.9 4.1 
120 2.0 204 289 
180$ 215 289 5.0 
240$ 233 290 5.0 5.2 
360 J sa 224 | 292 4.3 4.7 


* Determined by freezing point depression using a Fiske osmometer. 

+ Assuming that the inulin clearance (Cinulin) equals glomerular filtration rate. 

} 250 milliunits pitressin” infused intravenously per hour. 

§$ 150 cc. 3 per cent NaCl + 250 milliunits pitressin infused intravenously per hour. 


and chronically ill. The blood pressure was 140/80 
and never rose higher than 148/88. Fundi showed 
moderate A-V nicking. The skin had poor turgor, was 
dry and slightly scaling. The heart and lungs had no 
abnormalities. [The spleen tip was felt 1 to 2 cm. below 
the costal margin on deep inspiration. The kidneys 
were not palpable and there was no tenderness in the 
costovertebral angle. There was a coarse tremor of the 
outstretched hands with intermittent twitching of 
various muscle groups. No other neurologic abnormal- 
ities were noted. 

Urinalysis during the initial hospitalization and 
on all subsequent examinations generally disclosed 
the following pattern: acid reaction, specific gravity 
1.004 to 1.008, albumin 1+ to 3+, sediments O-rare 
red blood cell, 0 to 6 white blood cells, rare hyaline 
casts per high power field. On many occasions the 
sediment was completely normal. Excretion of 
phenolsulphthalein dye was less than 20 per cent in 
two hours. The red blood count was 2.56 million, 
hemoglobin 7.2 gm., hematocrit 21 per cent. Bleeding 
time, clotting time and clot retraction were normal. 
Coombs’ test was negative; osmotic fragility of red 
cells and urinary urobilinogen were normal. A red 
blood cell survival study using Cr®*! disclosed a mark- 
edly accelerated rate of destruction (half time = fif- 
teen days; normal = twenty-eight to thirty-one days). 

Blood non-protein nitrogen was 218 mg. per cent, 
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serum sodium 125 mEgq./L., serum potassium 4.8 
mEq./L., serum chloride 101.5 mEq./L., serum 
bicarbonate 10.0 mEq./L., serum calcium 8.0 mg. per 
cent, serum inorganic phosphorus 13.2 mg. per cent, 
serum total proteins 6.86 gm. per cent with albumin 
4.15 and globulin 2.71 gm. per cent. 

Initial urinary cultures showed a moderate to 
heavy growth of enterococci. This organism was 
moderately sensitive to chloromycetin,® extremely 
sensitive to erythromycin, but resistant to all other 
antibiotics. 

After correction of anemia by transfusions of packed 
erythrocytes and treatment of his acidosis by paren- 
teral administration of sodium bicarbonate, the pa- 
tient showed remarkable symptomatic improvement. 
However, polyuria and polydipsia continued, with 
urine volumes of 2 to 3 L. daily. He was discharged 
after ten days, on sodium bicarbonate, 8 gm., 25 per 
cent solution of calcium chloride, 25 cc., and a high 
carbohydrate diet with 50 gm. of protein, per day. 

Over a period of one month his non-protein nitro- 
gen fell from 218 to 119 mg. per cent. At the end of 
this time, in spite of a ten day course of 0.5 gm. of 
chloromycetin per day combined with 2 gm. of 
erythromycin per day, entercocci were still present 
in the urine. Quantitative bacterial cultures disclosed 
50,000 organisms per cc. of urine which were still 
sensitive to chloromycetin and erythromycin and 


Chronic Pyelonephritis with Hypotonic Urine—Aleeman, Epstein 


Fic. 1. Representative section from the kidney showing interstitial fibrosis, cellular reaction, 


dilated tubules with eosinophilic colloid casts, and periglomerular fibrosis, typical of chronic 


pyelonephritis. 


resistant to penicillin and streptomycin. In spite of 
these zn vitro indications of sensitivity it was decided 
to treat the patient in the hospital with 1,200,000 
units of procaine penicillin and 1 gm. of streptomycin 
daily for a ten-day period. Cultures of the urine were 
negative for the first time after this therapy, as were 
all subsequent cultures during the next three months 
prior to his death. 

Studies to evaluate his polyuria and relatively low 
urinary specific gravity were undertaken in December, 
1954, when it was thought that his renal function had 
temporarily stabilized at its maximum level. Tests 
of renal function during this admission are sum- 
marized in Table t. 

Subsequent to this hospitalization and during the 
next three months the patient’s course slowly but 
progressively deteriorated. He required 3 to 4 units of 
packed erythrocytes per month to maintain a hemo- 
globin concentration of 11 to 12 gm. per cent. His 
spleen remained palpable. 

Congestive heart failure developed with slowly 
progressive dyspnea, orthopnea and edema of the legs. 
This responded poorly to digitalization and restriction 
of his intake of sodium bicarbonate. He was read- 
mitted for the last time six months after his initial 
hospitalization because of progressive uremia (non- 
protein nitrogen 190 mg. per cent), uncontrollable 
nausea, vomiting, muscular twitching, stupor and 
congestive failure, all of which responded poorly to 
therapy. He died ten days after admission. 

At postmortem there was moderate edema of the 


lower extremities and the periorbital area. In each 
pleural space there were 500 cc. of clear yellow fluid. 
When the pericardium was incised a rough granular 
yellow exudate on both surfaces was seen; there were 
fine pericardial adhesions and approximately 50 cc. 
of cloudy yellow fluid. The heart was enlarged (600 
gm.). The ventricular cavities appeared dilated. The 
right ventricular wall measured 3 mm. and the left 
14 mm. in thickness. The coronary arteries showed 
significant atherosclerosis with considerable calcifica- 
tion. There were no valvular deformities. Microscopic 
examination disclosed hypertrophy of muscle fibers 
with mild focal fibrosis. The epicardial surface was 
covered with a fibrinous exudate infiltrated with 
lymphocytes and mononuclear cells. Both lungs were 
non-crepitant, congested and doughy; the right 
weighed 625 gm. and the left 650 gm. Microscopic 
examination revealed a heavy accumulation of hemo- 
siderin-laden macrophages in the air spaces. There 
was congestion and early fibrosis of the alveolar walls. 
The spleen was enlarged and weighed 425 gm. Its 
capsule was smooth and shiny and the cut surface was 
dark red in color with prominent Malpighian fol- 
licles. Microscopically, reticular hyperplasia was 
seen throughout, with large littoral cells lining the 
sinusoids heavily infiltrated with hemosiderin. 

The right kidney weighed 125 gm. and the left 
110 gm. The left kidney was pale and firm. The cap- 
sule stripped with some difficulty revealing a coarsely 
granular surface and a moderate number of small 
cysts (2 to 5 mm. in diameter) filled with clear fluid. 
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The cut surface showed a pale, hard, narrowed cortex 
3 mm. in thickness and a pale medulla. The pelvis was 
not dilated but the mucosa was thickened, dull and 
edematous. The right kidney was similar to the left 
with the exception that the only cyst was at the lower 
pole, measuring 20 mm. in diameter, filled with clear 
fluid. Microscopic examination showed extensive 
interstitial scarring of both kidneys (Fig. 1) with 
marked diminution in the number of glomeruli and 
tubules. There was widespread periglomerular fibrosis 
and the glomeruli showed varying degrees of partial 
to complete hyalinization. The interstitial tissue was 
infiltrated with lymphocytes, particularly in the sub- 
capsular area. The remaining tubules were atrophic, 
dilated, and in many cases filled with eosinophilic 
luminal casts or precipitates (‘colloid casts’). The 
arteries showed varying degrees of arterio- and 
arteriolo-sclerosis. There was thickening, fibrosis and 
lymphocytic infiltration of calyceal submucosa. ‘The 
cysts were lined by a fibrous capsule and a single layer 
of cuboidal epithelium. 

The final anatomic diagnosis was bilaterally con- 
tracted and scarred kidneys, secondary to chronic 
pyelonephritis; cardiomegaly; pulmonary congestion 
and edema; hemosiderosis of spleen, lungs and liver. 


COMMENTS 


This case represents a striking example of the 
manner in which chronic infection may lead to 
progressive destruction of the renal parenchyma 
with few or no symptoms referable to the genito- 
urinary tract [3,9]. The only symptom mani- 
fested prior to 1952 was an ache in the left flank 
ten years before the patient’s death, at which 
time he had normal renal function, although an 
enterococcal infection of the genitourinary 
tract had apparently become established. It is 
not clear why, in the kidneys, organisms like 
the enterococcus as well as B. coli and M. 
pyogenes should at times produce slowly pro- 
gressive destruction, characterized clinically 
by chronicity and the absence of local symptoms 
and pathologically by diffuse scarring and fibro- 
sis, rather than the acute pyogenic manifesta- 
tions which characterize their invasion of other 
parts of the body [8]. 

It is easy to understand how in the absence of 
localizing symptoms the diagnosis could have 
been confused with that of an intra-abdominal 
malignancy or a primary hematologic disorder, 
such as malignant lymphoma or primary re- 
fractory anemia with splenomegaly. ‘The correct 
diagnosis was initially obscured not only by the 
severity of anemia characterized by rapid de- 
struction of red blood cells but by the innocent 
appearance of the urinary sediment, which may 
be normal or almost normal in chronic pyelo- 
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nephritis, especially when concentrating power 
has been impaired and the urine is dilute. 
Splenomegaly has been reported to occur fre- 
quently in pyelonephritis [4,70]. The enlarged 
spleen in the present case was caused by reticulo- 
endothelial hyperplasia and marked hemosidero- 
sis and was associated with recurrent anemia and 
rapid destruction of erythrocytes. Birchall and 
Alexander [9] have stressed the finding of anemia 
out of proportion to the degree of uremia as an 
important characteristic of chronic renal infec- 
tion. It would be of interest to determine 
whether or not splenic enlargement in this dis- 
ease could be correlated with the more severe 
grades of anemia. 

The bacteriologic data in the present case 
suggest that urinary infection with enterococcus 
had existed at least since 1942. When cultured 
and tested for antibiotic sensitivity in 1954, this 
organism was found to be very sensitive in vitro 
to erythromycin and chloromycetin but resistant 
to penicillin and to streptomycin. Despite these 
findings the organism was not eradicated by an 
intensive course of the former drugs, but readily 
succumbed to a combination of penicillin and 
streptomycin. [hese results emphasize the value 
of bactericidal combinations in treating indolent 
infection, as well as the danger inherent in pre- 
dicting therapeutic response from zn vitro tests of 
sensitivity and the need for testing combinations 
of antibiotic in sensitivity studies. 

Prominent symptoms during the last two years 
of the patient’s illness were persistent polyuria (3 
to 4 L./day) and polydipsia. Although progres- 
sive encroachment on renal reserve commonly 
results in fixation of urinary specific gravity, 
urinary solute concentration under these circum- 
stances generally remains equal to or slightly 
higher than the solute concentration of an 
ultrafiltrate of serum. Repeated determina- 
tions of urinary specific gravity in the present 
case disclosed values consistently between 
1.004 and 1.008, concentrations which would be 
expected during mild water diuresis in normal 
subjects. Persistent hyposthenuria was confirmed 
by the studies summarized in Table 1, which 
indicated the following: (1) clearances of inulin, 
urea and creatinine approximated 5 cc./min., 
indicating a reduction in functioning renal 
mass to about 199 of its original size; (2) this 
contracted population of nephrons consistently 
elaborated a urine considerably more dilute than 
the serum; (3) there was no appreciable further 
dilution of the urine or increase in urinary flow 
subsequent to the oral ingestion of 1000 cc. of 
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water and no concentration of the urine after 
infusion of pitressin; and (4) the administration 
of hypertonic saline caused a moderate increase 
in urinary flow and concentration, a response 
qualitatively similar to that which would occur 
in a subject with diabetes insipidus who was 
given an osmotic load. 

It is clear that this patient’s kidneys, although 
elaborating hypotonic urine, were unable to 
respond to exogenous or endogenous anti- 
diuretic hormone. This state has been called 
‘‘water-losing nephritis’ Because of the 
severe reduction in glomerular filtration, losses 
of water through the kidneys in this patient did 
not reach the magnitude observed in untreated 
diabetes insipidus or in nephrogenic diabetes 1n- 
sipidus of the congenital variety [72]. 

The pathogenesis of this kind of ‘‘nephrogenic 
diabetes insipidus” is probably twofold. In the 
first place, even in the few functioning nephrons 
which remain, renal cells of the distal and col- 
lecting tubules at the site where urine is normally 
concentrated are probably distorted and ren- 
dered partially or completely functionless by the 
underlying inflammatory process. Indeed, Oliver 
has pointed out that dissected nephrons from 
patients with chronic nephritis bear little 
resemblance to those from normal kidneys | /3]. 
Secondly, because the glomerular area available 
for filtration is so greatly reduced, each filtering 
unit must excrete water and solutes in such great 
volume as possibly to preclude complete equili- 
bration of hypotonic urine in the loop of Henle 
and to force its delivery in the dilute rather than 
the isotonic state to the site of final concentra- 
tion. Anslow and Wesson [74] have demon- 
strated that the normal dog, even while under 
the influence of pitressin, may transiently excrete 
a hypotonic urine during intense osmotic 
diuresis. As can be deduced from Table 1, if a 
normal subject with a glomerular filtration rate 
of 120 cc./min. excreted water and solute in 
proportion to his inulin clearance at the same 


rate as did this patient, he would pass 80 cc. of 


urine containing 18 mQOs. per minute. Such rates 
are almost impossible to attain experimentally in 
normal man and it is therefore not clear whether 
or not under such unusual circumstances normal 
human kidneys might excrete a urine hypotonic 
to serum. 

The systematic study of many cases of chronic 
renal disease with technics which directly meas- 
ure the osmolarity of the urine and serum might 
disclose that this type of functional defect is 
more common than hitherto considered and may 


enable its pathogenesis to be more precisely 
determined. 


SUMMARY 


The natural history of an illustrative case of 
chronic pyelonephritis is presented. The follow- 
ing features are of interest: (1) a completely 
asymptomatic period of ten years during which 
the renal parenchyma was almost completely 
destroyed by infection with the enterococcus; 
(2) failure of the infection to respond to ery- 
thromycin and chloromycetin in spite of zn vitro 
sensitivity to these antibiotics and its subsequent 
eradication with penicillin and streptomycin to 
which it had displayed resistance in vittro; 
(3) splenomegaly and hemolytic anemia for 
which no explanation other than chronic 
pyelonephritis could be found; and (4) the pres- 
ence of polyuria with a persistently hypotonic 
urine of fixed concentration which did not 
respond to exogenous or endogenous anti- 
diuretic hormone. 
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Adenocarcinoma Occurring in 
Regional Jejunitis’ 


PETER KORNFELD, M.D., LEON GINZBURG, M.D., and DAVID ADLERSBERG, M.D. 


New York, New York 


INCE the initial description of regional enteri- 
S tis about twenty-five years ago [7], an 
extensive literature has appeared on all phases 
of the subject. However, we believe this com- 
munication and a previous one by one of us {2) 
are the only reported instances of carcinoma 
occurring at the site of segmental stenosing, 
granulomatous jejunitis. In view of the rare 
incidence of jejunal carcinoma in general, one 
may speculate whether or not carcinoma of the 
jejunum represents a_ hitherto unrecognized 
complication of jejunitis. 

CASE REPORTS 

Cask 1. A thirty-six year old white woman was 
admitted to The Mount Sinai Hospital in February, 
1955. She was suffering from upper abdominal pain, 
persistent vomiting, loss of weight and marked weak- 
ness. Her initial gastrointestinal symptoms, character- 
ized mainly by severe diarrhea, were first manifested 
eight years previously. At that time she was admitted 
to another institution where radiologic studies revealed 
evidence of colitis. A laparotomy, performed at the 
same hospital, eevealed an inflamed large intestine 
and surgery was limited to an appendectomy. Post- 
operatively she was treated with a low residue diet, 
antibiotics, multivitamin preparations and paregoric. 
Nevertheless she continued to have four or five watery 
bowel movements daily which, however, never showed 
evidence of blood, pus or unusual quantities of mucus. 
Her nutritional status continued to deteriorate; over a 
period of two years her weight fell from 125 to 75 
pounds. At this time (1949) she consulted one of us 
(D. A.) and was treated with aureomycin® and small 
doses of cortisone; her condition improved. The diar- 
rhea ceased and she regained 40 pounds in a few 
months. In 1953, x-ray studies revealed a ‘“‘combined”™ 
form of segmental enterocolitis. A number of involved 
loops were present in the proximal jejunum. (Fig. 1.) 
The terminal ileum showed the typical radiologic 
findings associated with regional ileitis. A barium 
enema showed inflammatory involvement of the left 
transverse and the proximal descending colon. (Fig. 
2.) In spite of the radiologic evidence of widespread 
disease, the patient remained well enough (on steroid 


therapy) to be fully employed as an active business 
secretary for a period of almost five years. 

In February, 1955, eight years after the onset of her 
intestinal symptoms, an exacerbation marked by 
persistent vomiting, abdominal cramps and weight 
loss necessitated her first admission to The Mount 


Fic. 1. Case 1. Small bowel series four years prior to death. 
Note areas of marked narrowing indicating multiple seg- 
ments of stenosing jejunitis. (Courtesy Dr. S. WetsKopF.) 


Sinai Hospital. The physical examination was within 
normal limits except for obvious malnutrition and 
moderate dehydration. Radiologic studies of the 
gastrointestinal tract at this time revealed consider- 
able gastric distention and dilatation of the entire 
duodenum proximal to the ligament of Treitz. (Fig. 


* From the Departments of Medicine and Surgery, The Mount Sinai Hospital and Beth Israel Hospital, New York, N. Y. 
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Fic. 2. Case 1. Narrowed segment in the mid-transverse 
colon with limited distensibility and irregularity of con- 
tour; coarse mucosal pattern of the distal transverse colon 
and splenic flexure. Marked narrowing of terminal ileum; 
terminal ileitis. (Courtesy Dr. S. WeEIsKopPF.) 


Fic. 4. Case 1. Multiple areas of irregularity and nar- 
rowing of jejunum. 


3.) Marked progression had taken place in the patho- 
logic condition of the upper jejunum. Just distal to the 
ligament of Treitz, marked narrowing of the jejunum 
was noted which extended distally in a tortuous 
fashion for a distance of about 10 cm. A small localized 
collar-button collection of barium was found in the 
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Fic. 3. Case 1. Marked gastric and duodenal dilatation. 
There is an irregular, markedly stenotic segment of 


jejunum just beyond the ligament of Treitz (upper arrow 


on left of patient). In addition there are areas of marked 
narrowing with intervening dilatation in the jejunum. A 
Levine tube is seen in the stomach. 


distal portion of this segment. [This area of involve- 
ment was followed by a dilated loop of jejunum 
characterized by a slight irregularity of the mucosa 
and retained secretions. Immediately beyond this 
point another short segment of constant narrowing 
was noted. (Fig. 4.) No further abnormalities were 
noted in the small bowel but in the terminal ileum 
narrowing, rigidity and mucosal destruction were 
again encountered. In the colon, loss of haustral 
pattern, mucosal destruction and narrowing were 
found to involve the distal two-thirds of the transverse 
colon and the proximal descending colon. Comparison 
with previous films indicated that the ileal and colonic 
lesions had remained practically static. Attention was 
therefore directed to treatment of the newly developed 


jejunal obstruction. Institution of gastric suction, 


administration of intravenous fluids, blood trans- 
fusions and a high caloric, low residue diet were fol- 
lowed by marked clinical improvement. This led to 
the belief that the symptoms were due to a perhaps 
temporary exacerbation of the jejunal inflammatory 
process. Since operative therapy did not appear to be 
promising in such a widely disseminated ileocolitis, 
continuation of medical therapy was decided upon. 

Following temporary improvement for four months 
readmission became necessary in June, 1955, because 
of recurrence of persistent vomiting in even more ag- 
gravated form than previously. Dehydration and 
chemical evidence of a hypochloremic alkalosis were 
present on admission along with the clinical picture 
of mild shock. These conditions were rapidly cor- 
rected by appropriate intravenous therapy and the 
patient underwent laparotomy (L. G.). 

The clinical picture at this time was attributed 
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Fic. 5. Case 1. Napkin ring-like tumor encircling the jejunum, just distal to the 


ligament of Treitz. 


to obstruction resulting from progression of the in- 
fHammatory lesion in the jejunum and a duodeno- 
jeyunostomy was contemplated for the relief of a 
benign stenosis. At operation, preliminary exploration 
of the colon and terminal ileum revealed the pre- 
operative radiologic findings to be due to chronic 
localized inflammatory involvement. Neither of these 
lesions appeared to be contributing materially to the 
clinical picture. Attention was then turned to the 
proximal jejunum. Three distinct zones of involve- 
ment were noted. Beginning immediately distal to the 
fossa of Treitz, the jejunum for a distance of a few 
inches was stony-hard and narrowed. The induration 
extended into the beginning of the small intestinal 
mesentery. Distal to this point there was a segment of 
dilated and somewhat thickened small intestine. This 
was followed by another narrowed, thickened, short 
loop of bowel which, however, felt quite different from 
the stony hardness noted in the upper involved seg- 
ment. The entire duodenum was greatly dilated and 
considerably thickened, obviously a result of the 
obstruction commencing near the duodenojejunal 
angle. The stony hardness of the upper obstructed 
area led to the suspicion that a carcinoma had de- 
veloped at that point and the feasibility of resection 
was investigated. It soon became evident that a radical 
resection was impossible because of extension of dis- 
ease to the roots of the mesentery and upward over 
the pancreas in the vicinity of the main superior 
mesenteric trunks. A retrocolic anastomosis was then 
performed between the transverse portion of the 
duodenum to the right of the superior mesenteric 
vessels and the bowel immediately beyond the in- 
volved jejunum. Because of previous experience 
(Case mr) with a jejunal carcinoma complicating 
regional jejunitis, the liver was carefully explored but 
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no evidence of metastases was noted. Following opera- 
tion the patient made an uneventful recovery and was 
discharged on the eleventh postoperative day with 
practically complete disappearance of symptoms. 

Although the patient continued to be free of 
gastrointestinal symptoms, anorexia and malnutrition 
developed and she was readmitted five months after 
her last operation. Examination at this time revealed 
a large, hard, irregular liver which, clinically, was 
obviously carcinomatous. A percutaneous liver biopsy 
with a Vim-Silverman needle revealed metastatic 
adenocarcinoma. The patient’s condition deteriorated 
rapidly, ascites developed and she died a month later. 
She showed no symptoms of intestinal obstruction 
during this terminal period. 

Post mortem examination revealed a granular 
cobblestone appearance of the jejunal mucosa just 
distal to the ligament of Treitz, with thickening of 
the submucosa and the muscularis. In the center 
of this region an ulcerated, polypoid, flat based, 
encircling carcinoma, measuring 5 cm., was found 
which extended directly into the mesentery. (Fig. 5.) 
Microscopic views showed adenocarcinoma cells 
arising within an area of jejunitis. (Fig. 6.) There were 
also numerous metastases involving the peripancreatic 
and periaortic lymph nodes, both lungs and pleurae, 
and several vertebral bodies. The liver weighed 
6,000 gm. and was extensively replaced by tumor 
tissue. The surgical anastomosis was widely patent. 


Case u. This case was previously reported in detail 
by one of us [2]. The patient was a thirty year old 
white man who was admitted to the Beth Israel 
Hospital with a clinical picture of acute obstruction of 
the upper small intestine. Over a period of nineteen 
years (since the age of eleven), he had been afflicted 
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Fic. 6. Case 1. Low power view showing adenocarcinoma arising immediately 
adjacent to an area of jejunitis and invading all layers of bowel wall. Original 


magnification, X 6. 


a 


Fic. 7. Case 1. Magnification view revealing adenocarcinoma in the mucosa and 
invading the bowel wall. Original magnification, &K 325. 


with recurrent episodes of abdominal cramps, non- 
bloody diarrhea and weight loss. At the age of eighteen 
he was told that he had ulcerative colitis (on what 
basis is not clear) and was treated with sedation and a 
low residue diet, with good results. However, follow- 
ing his induction into the army at the age of nineteen 
his symptoms recurred. Thorough studies at this time 
revealed no objective evidences of disease and the 
patient was discharged with the diagnosis of 
psychoneurosis. 

At the age of twenty-six, following a period of rela- 
tive improvement, an appendectomy was performed 
elsewhere, for reasons not apparent. Following this 
procedure diarrhea, anorexia and periods of constipa- 
tion recurred, Finally, after almost nineteen years 


of illness and several months prior to this admission 
for acute intestinal obstruction, x-ray studies revealed 
an inflammatory disease limited to the upper jejunum. 

Upon admission, roentgenograms revealed a num- 
ber of jejunal loops tremendously distended with gas 
in which wide fluid levels were present. Concomi- 
tantly, there was complete absence of gas in the colon. 
A long intestinal tube was passed and reached the 


jejunum just distal to the fossa of Treitz. Following 


decompression of the bowel and reestablishment of 
normal fluid and salt balance the patient was operated 
upon. A series of stenosing lesions were found in the 
proximal jejunum, with extreme dilatation of the 
bowel between them. The most proximal lesion was 
located approximately 18 inches distal to the ligament 
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Fic. 8. Case 1. Arrow points to adenocarcinoma. (From GinzBurc, L., SCHNEIDER, 
K. M., Dreizin, D. H. and Levinson, C. Carcinoma of the jejunum occurring 
in a case of regional enteritis. Surgery, 39: 347, 1956.) 


of Treitz and the most distal one about 6 feet away. 
The bowel from a point approximately a foot distal 
to the ligament of Treitz to a point just distal to the 
last stenotic lesion was resected and a lateral anasto- 
mosis performed. 

The pathologic examination revealed that the 
zones of constriction were due to the presence of 
typical regional enteritis. (Fig. 7.) However, at the 
junction of one of the constricted zones with a dilated 
segment, an unusually firm indurated nodule, about 
2 cm. in diameter, was discovered which had not been 
noted at operation. (Fig. 8.) Histologic examination 
revealed that this lesion was a papillary adenocarci- 
noma. No evidence of metastasis was observed in any 
of the glands resected with the specimen. 

The patient did well for approximately six months 
and had a remission of his gastrointestinal symptoms. 
Shortly thereafter he was readmitted because of fever 
and epigastric pain. Physical examination revealed a 
rather tender mass in the left epigastrium. At laparot- 
omy a number of large metastatic masses were found 
in the left lobe of the liver as well as smaller metastatic 
nodules in the right lobe. Tissue removed by biopsy 
proved to be metastatic carcinoma of the liver resem- 
bling that of the jejunal carcinoma. The patient died a 
few months later with generalized carcinomatosis. 


SUMMARY OF CASES 


1. Two cases of carcinoma of the jejunum 
originating in segments of bowel affected by 
regional jejunitis are reported. Both were char- 
acterized by the development of early and wide- 
spread postoperative metastases. 


2. The first case occurred in a patient suffer- 5 
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ing from a combined form of enterocolitis in 
which the proximal jejunum, terminal ileum and 
left transverse and descending colon had been 
the site of more or less static segmental granu- 
lomatous lesions for approximately seven years. 
Exacerbation of symptoms was misinterpreted as 
due to progression of the inflammatory process 
in the proximal jejunum. Exploration finally 
revealed that the obstructive symptoms were 
the result of a malignancy which had advanced 
to the state of inoperability. 

3. Case ut had a history of eighteen years’ 
duration before objective evidence of disease 
limited to the upper jejunum became obvious. At 
operation following an episode of acute intestinal 
obstruction, multiple stenotic segments with 
marked intervening dilation were present in the 
upper jejunum and limited to that portion of the 
bowel. A small carcinoma, about 2 cm. in diam- 
eter, was an unexpected pathologic finding and 
probably not responsible for the clinical symp- 
toms. In spite of the wide resection of this small 
lesion, extensive hepatic metastases were noted 
six months postoperatively. 


COMMENTS 


Carcinoma of the small bowel is a rare disease. 
According to Ewing about 3 per cent of all 
gastrointestinal malignancies occur in the small 
intestine and of these adenocarcinoma is the most 
common type. If one omits the ampullary and 
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periampullary lesions in the duodenum, then the 
jejunum becomes the most common site. Cam- 
eron [3], reviewing 105 carcinomas of the 
jejunum and ileum, found 40 per cent of the 
lesions to be in the first quarter of the jeyunum 
and 28 per cent in the distal quarter of the 
ileum. Yet Raiford |4|, reviewing 56,500 autop- 
sies and surgical specimens, found only sixteen 
cases of carcinoma of the small bowel (duo- 
denum included) and four of these were in the 
jejunum. The overall incidence of small bowel 
malignancies varies between 0.03 and 0.5 per 
cent of autopsies performed. At The Mount Sinai 
Hospital only nine primary adenocarcinomas of 
the jejunum are on record during the past thirty 
years (one of these occurring in the case of 
regional jejunitis herein reported), while at 
the Beth Israel Hospital one of four operated 
cases of jejunal carcinoma was associated with 
regional! jejunitis in the last ten years. The oc- 
currence of two of thirteen cases of carcinoma of 
the jejunum in patients with regional jejunitis 
brings up the question of a causal relationship 
between these two conditions. 

While there are no recorded cases of car- 
cinoma occurring in regional ileitis, a far more 
common form of the disease, Hughes [5] has 
reported a case of terminal ileitis in which a 
reticulum cell sarcoma developed. However, 
the appearance of inflammatory polyps in areas 
of small bowel where the mucosa was incom- 
pletely denuded by the basic disease process has 
been reported [6]. The possibility of malignant 
changes occurring in adenomatous polyps of the 
small bowel has been known for over thirty 
years [7] although such carcinomatous transfor- 
mation has never been reported in small bowel 
inflammatory pseudopolyps. It is of interest 
that most of the reported large series of small 
bowel malignancies antedate the period during 
which the concept of regional enteritis became 
current. Therefore the role of regional jejunitis 
in such cases cannot be assayed. However, in a 
number of instances cellular infiltrates and 
mucosal atrophy surrounding the malignant 
lesions have been discovered. There is, of course, 
no way of determining whether these changes 
were due to an antecedent inflammatory lesion 
or whether they occurred subsequent to the 


carcinoma. 
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It should be further noted that the carcinomas 
in both our cases arose in the proximal jejunum 
and had the character of a flat-based polypoid 
lesion. Although pseudopolypoid changes are 
less frequent in regional enteritis than in ulcera- 
tive colitis, it is conceivable that the jejunum 
per se, when involved by granulomatous inflam- 
mation, may represent a more susceptible area 
for carcinomatous transformation of inflamma- 
tory polyps than has hitherto been recognized. 

The significance of the development of ob- 
struction in a known case of regional jejunitis 
deserves comment. While Case u and three other 
operated cases of regional jejunitis were typically 
inflammatory and cicatrizing character, 
one may infer from Case 1 that a malignancy 
should always be suspected in this area and 
should lead to a careful exploration. 

Finally, our two cases seem to bear out the 
experience of other observers who have com- 
mented on the rapid downhill course of jejunal 
carcinoma. Both our patients died within a few 
months after a carcinoma was discovered at 


operation. 
SUMMARY 


Two cases of regional jejunitis are reported 
in which a primary adenocarcinoma developed 
at the site of a stenosing jejunitis in the proximal 
jejunum. It is suggested that adenocarcinoma 
may be a complication of granulomatous 
jejunitis. 
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Aplastic Anemia Fourteen Years Following 
Administration of Thorotrast 


GEORGE W. DUANE, M.D. 
Stockton, California 


irH the advent and ready accessibility of 
WA compounds for use in medical, 
military and industrial enterprises, there has 
been an associated interest in the long term effect 
of such materials. While thorium is now a poten- 
tial breeder material] in the production of atomic 
energy, it has been used for over twenty-five 
years In the form of a colloidal suspension called 
thorotrast.* Thorium has a half-life of 1.4 & 101° 
vears and it breaks down into the subproducts of 
mesothorium, thorium X, and thorium A, B and 
C. According to Reeves and Stuck, thorium 
emits alpha, beta and gamma radiation; ap- 
proximately 95 per cent of the total energy is 
emitted as alpha radiation, this radiation being 
sharply localized |7|. They state that the alpha 
particles of mesothorium and the products of its 
decay have a greater velocity and penetration 
power than those of radium. 

Prezyna, Ayres and Mulry state that the total 
radioactivity of thorotrast decreases over a 
period of eight years; however, it then begins 
to rise, due to the fact that sufficient radio- 
thorium has broken down to form other mem- 
bers of this radioactive family, which are strong 
alpha emitters [2]. They report that the resultant 
total radioactivity after ten years is 54 per cent 
of the activity of the original sol, and that this 
activity rises from this level to reach a peak activ- 
ity in another fifteen years. 

The usual amount of thorotrast used for 
hepatosplenography, 75 cc., has an estimated 
alpha ray equivalent of 1.4 wg. of radium [3]. 
Studies of radium poisoning have indicated that 
0.5 to 2 wg. of radium have proved fatal [J]. 

Looney and Colodzin state that shortly after 
thorotrast is given to a patient it is concentrated 
in the reticuloendothelial system, notably in the 
liver, spleen and bone marrow, practically all 
the thorotrast remaining there throughout the 
life of the patient [4]. In these organs larger and 


larger aggregates of thorotrast develop. The 
short range of the dangerous alpha particle in 
relation to the size of the thorotrast aggregate 


may explain, in part, the relative lack of de- 


struction found in autopsy material. This is 
especially true in the liver. However, in the 
spleen progressive destruction takes place, with 
loss of splenic architecture and replacement 
with fibrosis and, finally, a reduction in splenic 
size. Minor skeletal changes have been reported 
by Looney and Colodzin in over 50 per cent of 
seventeen patients who received thorotrast, but a 
definite relationship has not been established. 

The uses of thorotrast have covered a wide 
range. It has been utilized in cerebral arte- 
riography, peripheral angiography, hepato- 
splenography, myelography, encephalography, 
ventriculography, retrograde pyelography, mam- 
mography, gastrointestinal roentgenography, sal- 
pingography, cholangiography, bronchography, 
placentography, and visualization of sinuses and 
sinus tracts |5|. Nevertheless, the use of thorotrast 
has been controversial since its inception. Most 
of the uses of thorotrast cited have been aban- 
doned. Recently, its use in locating accessory 
spleens in selected hematologic disorders has 
been recommended, but in emergency situations 
only [6]. Its major use today is in cerebral 
angiography, for which it has been described by 
some as the agent of choice, but by others re- 
garded as too dangerous [5]. 

Over the past quarter of a century there have 
been frequent reports and investigations con- 
cerning the possibility of late, harmful effects 
following the use of thorotrast. Yater and Coe in 
1943, after ten years’ experience with over 300 
cases, stated that they could find no immediate 
or remote ill effects of importance [7]. After com- 
pleting a survey in 1951, covering 4,325 cases, 
Thomas, Henry and Kaplan could report only 
the occurrence of late fibrosis in the liver and 


* From the Department of Medicine, San Joaquin General Hospital, California. 
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spleen, and scar formation at the sites of perivas- 
cular extravasation of the thorotrast injection [8]. 
Cassel, Ruffin, Reeves and Stoddard reported no 
important deleterious late effects in three patients 
studied seventeen, sixteen and thirteen years, re- 
spectively, after thorotrast administration [9}. 

However, there have been other reports testi- 
fying to serious late effects of thorotrast. Rube 
and Mehl reported a patient who required 
nephrectomy twenty-three years after a retro- 
erade pvelogram with thorotrast been 
taken [|/0|. Histologic changes demonstrated 
that the renal changes necessitating nephrectomy 
were due to thorotrast. In a survey of the litera- 
ture Looney and Colodzin state that five 
deaths from primary hepatic tumors have been 
reported following its use: they add one case of 
their own, and mention two others that have 
been brought to their attention |4|]. These 
authors also state that malignant tumors de- 
veloped in five patients at the sites of injection of 
thorotrast; in two patients after injection into the 
lacrimal ducts, in one after injection into the 
maxulary sinus, in one after a retrograde pyelo- 
gram, and in one after injection into the ducts of 
the breast. They state further that there have 
been four cases of leukemia and eight of aplastic 
anemia following its use. Spier | 77}, Laborde [ 72| 
and Hieronymi | 73] have each reported cases of 
aplastic anemia. 

The following case presentation is of a patient 
with aplastic anemia starting fourteen years 
subsequent to the use of thorotrast. 


CASE REPORT 


A fifty-four year old white man was admitted to the 
hospital on April 26, 1956, with the chief complaint of 
chest pain of three to four weeks’ duration. In the six 
weeks prior to admission the patient noted several 
episodes of epistaxis. In this same period he had severe 
headaches, shortness of breath and syncope on several 
occasions. Finally, precordial chest pain developed, 
typical of angina of effort. The angina, as it became 
more severe and frequent, necessitated admitting the 
patient to the hospital. 

The past history revealed that he had had a thyroid- 
ectomy in 1933 for a “‘goiter.”’ In 1942 the patient was 
given thorotrast, administered intravenously for 
visualization of the liver and spleen. Shortly thereafter, 
cholecystectomy was performed. In 1946 he had a 
ureteral stone removed at cystoscopy. The patient was 
admitted to this hospital in 1953 for evaluation of his 
hypertension, and was soon discharged after a brief 
investigation. In the same year symptoms of right 
cerebral thrombosis developed, but these were of 
brief duration. Nothing in the patient’s history indi- 
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cated that he ever had been exposed to any hema- 
topoietic toxin other than thorotrast. He was known to 
be a consistent drinker of alcoholic beverages. The 
family history was non-contributory. 

Physical examination revealed a temperature of 
98.2°r., pulse 88 per minute, respiratory rate 18 per 
minute and blood pressure 170/95. The patient ap- 
peared sallow and chronically ill. There was a nodule, 
hard and fixed, about 2 cm. in diameter in the right 
antecubital fossa. The funduscopic examination 
showed A-V nicking. The neck had a scar from a 
previous thyroidectomy. The lungs and heart revealed 
no abnormal physical signs. [The abdominal examina- 
tion revealed a right rectus incisional scar and a 
liver edge that was 2 to 3 cm. below the right costal 
margin. The rest of the examination was normal. 

The laboratory data were as follows: Hematologic 
findings on October, 16, 1953, were hemoglobin 
14.0 gm. per 100 cc., white blood cells 6,000 per cu. 
mm., with a normal differential count. On April 17, 
1956, the hemoglobin was 12 gm. per 100 cc., with 
2,820,000 red blood cells per cu. mm., packed cell 
volume of 28 per cent, 5,700 white blood cells per cu. 
mm., with 20 per cent neutrophils, 78 per cent lympho- 
cytes and 2 per cent monocytes. On April 24, the 
hemoglobin was 7.5 gm. per 100 cc., with 2,290,000 
red blood cells per cu. mm., packed cell volume of 
24 per cent, and a platelet count of 53,000 per cu. mm. 
On April 27, the hemoglobin was 6.0 gm. per 100 cc., 
with 1,820,000 red blood cells per cu. mm., a packed 
cell volume of 21 per cent and a white blood cell 
count of 4,800 per cu. mm. with 30 per cent neutro- 
phils, 3 per cent stab forms, 65 per cent lymphocytes 
and 2 per cent monocytes, and a platelet count of 
100,000. On April 30, the packed cell volume dropped 
to 18 per cent, the lowest recorded. 

The urinalysis was normal, as were the bleeding, 
clotting, and prothrombin times, the reticulocyte 
count, clot retraction, cell fragility, direct Coombs’ 
test, L. E. cell test preparations, serum protein, 
albumin and globulin, icterus index, cephalin floc- 
culation and alkaline phosphatase. There was no 
evidence of blood in the urine, feces or gastric juices. 
The bromsulphalein showed 7.4 per cent and 10 per 
cent dye retention at forty-five minutes on the two 
occasions it was tested. The significance of this amount 
of retention of bromsulphalein is uncertain, in view of 
the fact that the patient was a consistent drinker of 
alcoholic beverages. However, Looney reports that in 
three cases there was an alteration of the bromsulph- 
alein retention test in his series of thirty-five patients 
who had received thorotrast [4]. 

Three sternal and iliac crest bone marrow aspira- 
tions were attempted during the first two days of 
hospitalization; they revealed fat globules and very 


few marrow cells. 

An x-ray of the abdomen revealed a marked in- 
crease in density of both the liver and the spleen, the 
latter shadow being very small. Adjacent to the liver 
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and spleen were some scattered densities, probably 
representing thorotrast in lymph nodes which drained 
these organs. An x-ray of the right antecubital fossa 
revealed a 2 by 3!9 cm. collection of radiopaque 
material representing perivascular extravasation of 
thorotrast. The patient was scanned to determine 
whether gamma rays were present, and these were 
found to be located over the upper abdomen and the 
right elbow. 

During the patient's hospital course of four and one- 
half months the white blood count varied between 
2,000 and 6,600 per cu. mm., averaging 3,300 during 
the first forty days, and 4,460 during the last two 
months; the granulocytes averaged 840 during the 
first forty days, and 1,550 during the last two months. 
During the first three weeks the patient required 13 
units of blood, averaging 2 units of blood every three 
days. During the next 110 days the patient received 
11 units of blood, averaging 1 unit every ten days. 
According to Stickney and Hanlon, at normal rates of 
red cell destruction a transfusion of 500 cc. of whole 
blood every seven to ten days should maintain the 
level of hemoglobin if the recipient’s bone marrow is 
totally inactive [74]. This patient's blood requirements 
have ranged within this measure of maintenance. 

Some thought was given to the idea that it might be 
possible to remove the thorotrast by a chelating agent. 
Foremen has used the calcium di-sodium salt of 
ethylenediaminetetracetic acid (EDTA) to remove 
plutonium in two cases of plutonium poisoning [75,76]. 
The first patient who was treated had recent exposure 
to plutonium but the second patient was exposed 
seven years prior to the institution of therapy; 
nevertheless, satisfactory results were obtained in 
both cases. 

After the patient had been in the hospital for three 
weeks, 4 gm. of EDTA were given in 5 per cent glucose 
solution, daily, for five consecutive days. This was 
repeated two months later in the same amount. 
A twenty-four-hour control sample of urine and a 
twenty-four-hour sample while the patient was 
receiving EDTA were tested. There was no difference 
in radioactivity when the urines were checked with a 
Geiger counter. This result implies that the patient 
did not benefit from this therapy. However, since the 
date of the first infusion of EDTA a marked drop in 
the need of whole blood transfusions has occurred; 
there also has been a simultaneous increase in the 
number of granulocytes, as well as an increase in the 
total number of leukocytes. These differences are often 
seen during the course of aplastic anemia and, since 
there was no detectable urinary output of a radioactive 
substance, it is doubtful that the changes were the 
result of the use of EDTA. 
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SUMMARY 


The status of the use and long term effect of 
thorotrast is reviewed. 

A case is presented of a patient with aplastic 
anemia following the use of thorotrast fourteen 
vears before. An attempt to correct the aplastic 
anemia by using EDTA to remove the thorotrast 
appears to have been ineffective. 
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‘Periodic Fever’ 


Occurrence in Five Generations 


BERTHA A. BOURONCLE, M.D. and CHARLES A. DOAN, M.D. 


Columbus, Ohio 


eases’ was first stimulated by the recogni- 
tion and study in this clinic of patients with 
regularly recurring febrile episodes secondary 
to cyclic neutropenia [7]. It was with this 
phenomenon as the possible underlying mecha- 
nism that the five generation family to be re- 
ported here was referred to us for evaluation and 
diagnosis in 1953. 

‘‘Periodic fever’? has been reported as an 
independent clinical entity in the medical litera- 
ture [2-32]. Some cases have been considered 
to have a psychogenic origin [2], in others allergy 
has been implicated [3], in still others mild 
chronic infections have been found [4]. Periodic 
fever has been described in pulmonary tuber- 
culosis [5], in periarteritis nodosa [6] and in 
association with malignant reticulosis | 7—77}. 

Reimann | 72-78] has thoroughly reviewed this 
problem and presented his own observations on 
periodic fever as a form of periodic disease, 
noting an hereditary incidence in many of his 
cases. Other reports also refer to the familial 
incidence of this syndrome [79-27]. 


Cy. interest in the so-called ‘‘periodic dis- 


CASE REPORTS 


D. 1T., a fifty-two year old white male 
school teacher, was first seen in our clinic on June 10, 
1953. The patient complained of recurrent attacks of 
fever, noted since birth. These febrile episodes had 
occurred regularly at approximately twenty-one- to 
twenty-eight-day intervals, lasting from three to 
five days. The patient stated that during the early 
stages of the attacks his head felt “‘heavy and con- 
gested’”” and he experienced a feeling of pressure 
throughout his body. ‘This was followed by chills and 
fever with the temperature often reaching 103°F. or 
higher. General malaise, constipation, and a stiffness 
and soreness of all joints were common. During the 
peak of the attack he noticed circular as well as 
irregularly outlined areas of redness of the skin over 
the entire trunk. As a rule the patient was unable to 


perform his regular duties as a school teacher and had 
to remain at home in bed. After three to five days all 
symptoms subsided and the patient returned to a 
normal state of health. The recurrence of these at- 
tacks was unrelated to any detectable external in- 
fluence or subjective emotional factors or associated 
with any food idiosyncrasies. The patient had never 
lost consciousness or had convulsions, delirium, visual 
disturbances or ataxia during the attacks. 

On physical examination between attacks the pa- 
tient, a slightly obese male, did not appear ill. His 
temperature was 98.5°r. and blood pressure was 
110/60 mm. Hg. Examination of the eyes, ears, nose 


and mouth revealed no abnormalities and the lungs 


were clear. No organs or masses were palpable on 
abdominal examination. Examination of the genitalia 
showed the left testicle to be in the inguinal canal and 
it could not be brought out through the external ring. 

During the febrile episodes the patient appeared 
acutely ill. There was some injection of the con- 
junctivas. The skin of the entire trunk showed the 
presence of irregular and circular erythematous 
lesions. The temperature was 103°r. The blood pres- 
sure was 110/60 mm. Hg. The rest of the physical 
examination was within normal limits. 

Blood counts taken during as well as between 
attacks were essentially the same and were within the 
normal range. The total red blood cell count was 
4.73 million per cu. mm.; hemoglobin, 12.9 gm. per 
cent; total white blood cells, 9,700 with 79 per cent 
polymorphonuclear cells; 3 per cent eosinophils; 
16 per cent lymphocytes and 2 per cent monocytes; 
reticulocytes, 0.4 per cent; platelets, 506,000 per cu. 
mm. and the hematocrit was 44 per cent. The cor- 
rected sedimentation rate was 1.0 mm. per minute 
(normal: 0.1 to 0.3 mm. per minute). The direct 
Coombs’ test and blood Kahn reaction were negative. 
The serum calcium was 9.6 mg. per cent; inorganic 
phosphorus, 3.2 mg. per cent; total bilirubin, 0.3 mg. 
per cent; sodium, 147 mEq./L.; serum potassium, 
4.9 mEq./L.; chloride, 102 mEq./L. The fasting blood 
sugar was 86 mg. per cent; total protein, 6.3 per cent; 
albumin, 3.6 per cent and globulin, 2.7 per cent. 
Examination of the stools was negative for ova and 
parasites. Repeated blood, urine and stool cultures, 


* From the Department of Medicine, Ohio State University, Columbus, Ohio. 
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and cultures of secretions obtained from the throat 
during the febrile episodes, were negative. Ag- 
glutinations for typhoid H and O, paratyphoid A and 
B and brucella were all negative. The antistreptolysin 
titer was not increased. Chest x-rays and x-rays of the 
skull were both normal. 

Electrophoretic studies of the serum showed an 
increase of alpha-2-globulin to 1.6 times the normal 
level and an increased gamma globulin of 2.0 times 
normal. These changes were persistent during and 
between the episodes of fever. The serum lipoproteins 
were normal. 

Electroencephalograms obtained during and _ be- 
tween attacks were the same and they were interpreted 
as abnormal because of shifting of the temporal slow 
wave activity. 


Case u. L. T., a seventeen year old white male, 
son of D. T. (Case 1), was first seen at our clinic as an 
outpatient on June 10, 1953. His chief complaint was 
periodic episodes of fever lasting from three to five days 
every twenty-one to twenty-eight days. Fever was 
accompanied by malaise, constipation, soreness of 
muscles and joints, and irregular areas of redness over 
the skin on the trunk. During the febrile episodes the 
patient felt ill and many times was unable to attend 
school. Between bouts of fever he had no complaints. 
His parents had noticed that the patient had had these 
episodes since birth. These attacks had not apparently 
been influenced by any external or emotional factors 
nor were they related to any kind of food intake. 

The past history was not remarkable. The patient 
had had a tonsillectomy performed as a prophylactic 
measure. Examination of the patient during an attack 
revealed an acutely ill person with some injection of 
the conjunctivas. The temperature was 102.8°r., pulse 
110 per minute and blood pressure 110/70 mm. Hg. 
Irregular and circular erythematous lesions were 
present over the entire trunk. The lungs, heart, 
mouth and throat were normal. Neither the spleen 
or other masses were palpable in the abdomen. No 
lymph nodes were felt The neurologic examination 
was normal. 

Physical examination between the attacks revealed 
a normal young male. 

Blood counts taken during and after the attacks 
were essentially the same and in the normal range. 
The total red blood cells were 4.82 million per cu. 
mm.; hemoglobin, 13.7 gm. per cent; reticulocytes, 
1.8 per cent; platelets, 539,840 per cu. mm.; total 
white blood cells, 7,850 with 73 per cent polymorpho- 
nuclear cells, 1 per cent eosinophils; 21 per cent 
lymphocytes and 5 per cent monocytes. The hemato- 
crit was 46 per cent. The corrected sedimentation 
rate was 0.5 mm. per min. A direct Coombs’ test was 
negative. The serum inorganic phosphorus was 3.5 mg. 
per cent; total bilirubin, 0.5 mg. per cent; total pro- 
tein, 6.7 per cent; albumin, 4.5 per cent and globulin, 
2.2 per cent. The stool was negative for ova and para- 
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sites. Repeated cultures from urine, blood and stool, 
and from secretions obtained from the throat during 
the febrile episodes, were negative. Typhoid, para- 
typhoid and brucella agglutinations were negative. 
The antistreptolysin titer was not increased. Chest 
x-ray and x-ray of skull were both normal. 

Electrophoretic analysis showed an increase in 
alpha-2-globulin and gamma globulin both during 
and after the episodes of fever. Ihe serum lipoproteins 
were normal. 

Electroencephalograms taken during and between 
the episodes of fever were the same, showing a number 
of minor wave formations and other irregularities of 
pattern in the temporal regions. In October, 1954, this 
patient received a minor skull injury in a fall; this was 
followed by three episodes of “‘blackout”’ of short dura- 
tion without convulsions. 


Casemt. G. T., an eighty-two year old white man, 
is the father of D. T. (Case 1) and grandfather of L. T. 
(Case 11). The patient was first seen in our clinic 
in October, 1955. He had had attacks of fever similar 
to the ones described by his son and grandson. Febrile 
episodes had been present as long as he could remem- 
ber. This elderly and alert man was found to be nor- 
mal on physical examination between attacks. During 
the febrile episodes he appeared acutely ill with some 
injection of the conjunctivas, erythematous lesions of 
the skin, and temperature of 103.2°r. All laboratory 
tests on this patient, such as blood counts, phosphorus, 
phosphatase, total protein, albumin, globulin, bili- 
rubin, calcium, phosphorus and hematocrit were 
normal. Cultures from blood, urine, stool, and from 
secretions obtained from the throat during the febrile 
episodes, were negative. Agglutinations for typhoid, 
paratyphoid and brucella were also reported as nega- 
tive. Electrophoresis showed an increase in alpha-2 
and gamma globulins. The serum lipoproteins were 
normal. One electroencephalogram was interpreted 
as normal. 


FAMILY HISTORY 


Figure 1 is a schematic representation of the 
familial incidence of periodic fever in five gen- 
erations of this family. 

From the history obtained from G. T. (Case 
11) it is evident that his father and grandfather 
had this same periodic fever all their lives. His 
mother was normal. His five sisters all have had 
periodic episodes of fever with characteristics 
similar to those in Case m. Three sisters had 
remained single and of these three, two are dead 
and one is alive. The other two sisters are mar- 
ried to normal persons. One of the married sisters 
has only one son, and he is normal. ‘The other 
married sister has one son and one daughter; 
both are free of symptoms of periodic fever. ‘The 
normal daughter has four normal children. 
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CASE I 


FEMALE 
@ PERIODIC FEVER 
© NORMAL 


Fic. 1. Schematic representation of the incidence of periodic fever in five genera- 
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tions of the same family. 
G. T. (Case m1) married a normal woman. 


They had two sons: one is D. T. (Case 1), who is 
married to a normal woman, and has one son 
(Case 11) with periodic fever, and one normal 
daughter. The other son of G. ‘T. (Case 11) also 
has episodes of periodic fever; he is married to a 
normal woman and has two daughters, one with 
periodic fever and one free of symptoms. 

It is inferred that periodic fever is an inherited 
trait in this family. The mode of transmission is 
consistent with the idea that the trait is depend- 
ent upon a dominant, autosomal gene. This 
family is of German-Dutch ancestry. 


THERAPY 


In view of the findings on the electroen- 
cephalograms of D. 'T. and L. T. (Cases1 and mn), 
these patients were given dilantin® and pheno- 
barbital. No improvement of their symptoms of 
periodic fever was obtained with this therapy. 
Cortisone, ACTH and/or prednisone were 
given to all three patients and there was marked 
improvement of symptoms. In the beginning, 
treatment consisted of 100 mg. of cortisone daily 


for ten consecutive days. Later the patients were 
given cortisone or prednisone only during the 
days of the attack of fever. 

D. T. (Case 1) has been receiving corti- 
costeroid therapy during the episodes of periodic 
fever for the past three years. He is at present 
taking prednisone. The doses of prednisone 
required to control his symptoms are 20 mg. the 
first day, 10 to 15 mg. the second day and 5 to 
10 mg. the third day of his fever. On this thera- 
peutic regimen the symptoms of periodic fever 
were relieved and this patient has been able, for 
the first time in his life, to work full time in his 
job as a school teacher. No side effects have been 
observed from this medication. 

After ten days of corticosteroid therapy for 
each of three consecutive attacks, L. T. (Case 1) 
experienced no further febrile episodes, with 
the exception of sporadic, mild attacks which 
responded promptly to 10 to 15 mg. of prednisone 
administered on the first day of fever. 

Patient G. T. (Case 1) has also obtained 
marked improvement of symptoms on prednisone 
therapy during the one year of observation. 
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EXPERIMENTAL STUDIES 


We have attempted to clarify the possible 
mechanisms influencing the production of these 
episodes of fever. In order to investigate the 
possibility of a hormone or toxin circulating in 
the peripheral blood of the patient during the 
febrile episodes the following experiment was 
carried out in Case 11. A total of 500 cc. of whole 
blood was obtained from the patient by venesec- 
tion during one of his febrile episodes, when 
the temperature had reached 103°r. The blood 
was stored at the blood bank and after seven 
days was transfused back into the same patient. 
No febrile reaction or any of the symptoms of 
periodic fever developed in this patient during 
or after the autoblood transfusion. 

Funduscopic examination of this same patient 
was done during and after the febrile episode in 
order to rule out the possibility of vascular spasm. 
However, no abnormalities of the vessels of the 
retina were observed at any time. 


COMMENTS 


The cause of periodic fever is unknown. 
In the patients considered in this communication 
such factors as allergy [3], psychogenic factors [2] 
and chronic infections [4] have been carefully 
ruled out. Tuberculosis [5], periarteritis nodosa 
'6] and malignant reticulosis [7—7/] also were 
ruled out by clinical, laboratory and x-ray 
studies. 

The hereditary incidence of periodic fever in 
the members of this family favors the possibility 
of a congenital defect affecting the thermo- 
regulatory center of the brain. However, it is 
difficult to explain with this hypothesis the 
periodicity of the attacks. An alternative possi- 
bility is the influence of some endocrine disturb- 
ance inducing these periodic changes. It is 
possible that this influence might be manifested 
as vasomotor disturbances at the level of the 
thermoregulatory center, joints and skin, pro- 
ducing the major symptoms observed in our 
patients. However, against an endocrine theory 
are the facts that no endocrine abnormalities 
were detected in our patients; the symptoms 
of periodic fever, without therapy, have not 
changed during the lifetimes of these patients: 
and symptoms of periodic fever could not be 
reproduced when 500 cc. of whole blood ob- 
tained during a febrile episode were transfused 
back into the patient. 

Reimann [75,76] has hypothesized that the 
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periodic diseases could be considered to be the 
extreme manifestations of some natural rhythm 
of life to which we are all subject. 

Cortisone therapy has had a beneficial influ- 
ence on the symptoms of periodic fever in all 
three patients personally studied. It is important 
to emphasize that one of the patients, Case nu, 
since taking cortisone for ten consecutive days 
during the time of three consecutive attacks of 
fever, has obtained marked amelioration of the 
duration and severity of attacks for the past three 
years. Reimann [76-78] and Benhamou [26] have 
also reported beneficial effects from cortisone 
therapy in some of their patients. The mecha- 
nism of action of cortisone influencing the 
episodes of fever in this syndrome is difficult to 
explain, but one might speculate about a direct 
effect of cortisone upon the thermoregulatory 
center of the brain [33,34]. 

Periodic fever should not be considered merely 
a medical curiosity. A correct diagnosis is of 
great importance for proper medical therapy, 
and for satisfactory management of patients 
with this disease. 


SUMMARY 


The occurrence of periodic fever in members 
of five generations of the same family is described. 
The condition behaves as if dependent upon a 
dominant autosomal gene. 

Cortisone therapy during the attacks of fever 
has been beneficial in improving the symptoms 
in two patients and in suppressing or markedly 
ameliorating the attacks in a third patient. 

The importance of a correct diagnosis of 
periodic fever is emphasized. 


Acknowledgment: The authors express their 
appreciation to Dr. J. Harold Shanklin of 
Springfield, Ohio for referring these patients and 
sharing with us their medical care and to Dr. 
Madge T. Macklin for her suggestions. 
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Pro-Banthine provides 


rapid 


control of pain in peptic ulcer 


In a two-year study! by Lichstein and co- 
workers, documented by intensive personal 
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Banthine (brand of propantheline bromide) 
often brought immediate relief of ulcer pain. 
Patients (11 per cent) who did not respond 
satisfactorily to Pro-Banthine therapy had 
“anxiety manifestations of psychoneurotic 
proportions.” 

In addition to frequent immediate sympto- 
matic relief, Pro-Banthine reduces gastroin- 
testinal motility and diminishes the secretion 
and acidity of gastric juice, all-important 
factors in the generation and aggravation of 
peptic ulcer. | 

These actions of Pro-Banthine and its 
demonstrated effectiveness in accelerating ul- 


cer healing?-5 mark the drug as a most valu- 
able adjunct in the treatment of peptic ulcer. 
The suggested initial dosage is one 15-mg. 
tablet with meals and two tablets at bedtime. 
An increased dosage may be necessary for 
severe manifestations and then two or more 
tablets four times a day may be prescribed. 
G. D. Searle & Co., Chicago 80, Illinois. 
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HEPATOBILIARY DYSFUNCTION: CANCER OF BONE 


duct stones | 
CANCER METASTASIS to the liver 
stricture of the common bile duct 


biliary stasis IMPENDING LIVER DAMAGE 


fibrosis of the sphincter of Oddi induced by drugs such as: 
tranquilizers 
OBSTRUCTIVE JAUNDIC! 
OsTEITIS DEFORMANS ( Paget's disease) arsenic 


no instruments needed 
nontechnical help can be taught in 10 minutes 
results in 30 minutes or less 


TABS TESWELLS" 


(alkaline) 


AN ORIGINAL DEVELOPMENT OF WARNER-CHILCOTT RESEARCH 
for office and laboratory screening of alkaline phosphatase levels in nonicteric and icteric patients 


TO USE: PHOSPHATABS* are available 
in a kit containing enough reagent 
1. Place one tablet (PHOSPHATABS) in the special test tube. 
tablets, color developer 
. Add 4 drops of serum or plasma. and TESWELLS* (controlled 
diameter tubes) for 48 
determinations ... $15. 


2 
3. Crush tablet with wooden applicator stick. 
4 

Phosphatabs and Teswells are 


Let stand for 12-30 minutes depending on room temperature 
(determine time from curve in PHOSPHATABS package insert). 
available from your nearest 


Add one drop of PHOSPHATABS COLOR DEVELOPER. | eet 
laboratory supply distributor, 


6. Compare color with color chart. * TRADEMARK 


For more information write to 


Laboratory Supply Division 


WARNER-CHILCOTT 


MORRIS PLAING.N. J. 


a 


Patient, male, age 40, spastic diplegia; physiotherapy and massage previously ineffective. 
When Tolseram was administered, the following improvement was seen within a month: 


4 


x 


right knee, active: from 20° range to 34° range (70% increase)* 
ENGLER,M.1 J. MENT. SCI. 101:391 (APRIL) 1955. 


| 


Squibb Mephenesin Carbamate 


Tolseram Tablets, 0.5 Gm.. bottles of 100, 1000: Tolseram Suspension, 1.0 Gm. per 5 cc. 
tsp., pints and gallons. Adult dosage: 4 to 6 Tablets or 2 to 3 tsp. Suspension 3 to 5 times 
daily. 


Also available: 
Tolserol (Squibb Mephenesin) Tablets. 0.25 Gm. and 0.5 Gm., bottles of 100, 1000; 
Elixir, 0.5 Gm. per 5 cc. tsp.. pints and gallons; Solution, 20 mg. per cc., 50 and 100 cc. 
ampuls. Tolsero!l with Codeine Tablets (0.5 Gm. Tolsero! with 13 gr. codeine). bottles of 
100, 1000. 


SOUIBB SQUIBB QUALITY—THE PRICELESS INGREDIENT 


for your patients with rheumatic 
neurologic and similar conditions 
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‘“'..More Maalox! Well, that’s one antacid they all seem to like— 
works like a charm, doesn’t constipate, tastes good—-no problems...’’ 


MAALOoXx®, an efficient antacid suspension of magnesium-aluminum hydroxide gel; 


Bottles of 12 fluidounces; Tablets, 0.4 Gm., Bottles of 100. 


Samples on request. 
WILLIAM H. Rorer, INc., Philadelphia 44, Pennsylvania 
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THE PURIFIED ALKALOID COMPLEX OF RAUWOLFIA 
HAS LESS SIDE EFFECTS 
TOTAL THERAPEUTIC ACTIVITY 


Rautensin: 


Each tablet contains 2 mg. purified Rauwolfia 
serpentina alkaloids (alseroxylon fraction) 


Rautensin (the alseroxylon complex of Rauwolfia 
serpentina) provides all effective antihypertensive 
alkaloids, including both rescinnamine and reserpine. 
Rautensin produces a gradual and sustained drop in 
blood pressure, and calms and soothes the patient 
without loss of mental alertness. Patients on this regimen 
show a marked reduction of anxiety simultaneously with 
an increase in intellectual and psychomotor efficiency.! 


The alseroxylon complex of Rauwolfia was found less 
prone to cause mental depression.? Rautensin does not 
usually cause drowsiness. It is purified and therefore 
free of inert dross present in the whole root. 


1. Wright, W.T., Jr.; Pokorny, C., and Foster, T.L.: J. 
Kansas M. Soc. 57: 410 (July) 1956. 


2. Moyer, J.H.; Dennis, E., and Ford, R.: A.M.A. Arch. 
Int. Med. 96: 530, 1955. 


SMITH-DORSEY « Lincoin, Nebraska « a division of The Wander Company 
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“Let’s get the temperature down” 


—your first reassuring 
words when the 
youngster is burning 
up with fever, malaise, 


general misery. 


do this job for you— 


with TYLENOL, fever, minor aches 


and pains vanish quickly—the child is 
more comfortable and mother’s fears are 


allayed in a very short time. 


TYLENOL is safe...‘‘no evidence of 


side effects’ from this efficient, well-liked 
prolonged use}. 
Acetaminophen 


/ for little “hot heads” 


4 
¢ 


| McNEIL 


LABORATORIES, INC., Philadelphia 32, Pa. 


1. Cornely, D. A. and Ritter, J. A.: N-acetyl-p-aminophenol 
(Tylenol Elixir) as a Pediatric Antipyretic-Analgesic, J. A. M. A. 
160:1219-1221 (April 7) 1956. 
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VARICK Pharmacal Company, Inc. 


(Division of E. Fougera & Co., Inc.) 
75 Varick Street, New York 13, N. Y. 
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ROMILAR 


ROMILAR 


For controlling cough 


IS AT LEAST AS EFFECTIVE AS CODEINE 


Milligram for milligram, 
Romilar is equal to codeine 
in specific 


antitussive effect 


For avoiding unwanted side effects 


IS CLEARLY BETTER THAN CODEINE 


Non-narcotic, 
non-addicting— 

does not cause drowsiness, 
nausea, 


or constipation 


Hoffmann-La Roche Ince NutleyeN. J. 


Romilar® Hydrobromide—brand of dextromethorphan hydrobromide 


Syrup, Tablets, Expectorant (w/NH ,C!) 
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@ improves cerebral 
blood flow? 


reserpine raises the 

4 threshold of emotional 
response... stifles neu- 
rogenic aggravation of 
the disease 


increases cardiac effi- 
ciency... may arrest the 
progress of vascular 
damage!’ 


improves renale 
blood flow 


acting in concert®...to control the entire 
syndrome of essential hypertension 


Unitensen-R combines cryptenamine and reserpine which “act in 
concert” to treat the hypertensive patient as a whole. When given 
together these components produce a far better therapeutic effect 
than when given separately. Successful therapy is usually maintained 
with dosages well below those producing side effects. 


Each gray-coated Unitensen-R tablet contains: 


Cryptenamine (tannates) .......... 1.0 mg. 


Dosage: 1 tablet t.i.d. 
For prescription economy, prescribe in 50’s. 


To serve your patients today—call your pharmacist for any addi- 
tional information you may need to help you prescribe Unitensen-R. 


1. Finnerty, F. A.: Am. J. Med. 17: 629, 1954. 2. 


: ® McCall, M. L.; Sass, D. K.; Wagstaff, C., and Cut- 
~ R ler, J.: Obst. & Gynec. 6: 297, 1955. 3. Cohen, B. 
M.; Cross, E. B., and Johnson, W.: Am. Pract. & 


Digest Treat. 6: 1030, 1955. 


IRWIN, NEISLER & CO. DECATUR, ILLINOIS 
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to minimize 
morning joint stiffness oe 


& 
* 


PERSISTIN*" 


Night-long salicylate therapy with a single dose of Persistin 
at bed-time helps prevent “joint jelling” in arthritic patients. 


Each Persistin tablet contains acetylsalicylic acid 22 gr. 
(160 mg.) and salicylsalicylic acid 7/2 gr. (480 mg.). 
he latter ingredient is slowly absorbed and eliminated 
or prolonged salicylate action up to 8 hours. 


omplete dosage information in PDR... bottles of 90 tablets 


amples and literature on request 


Detroit 11, Michigan 


*Trademark—Pat. Pend. 
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ANNOUNCING ... the new journal devoted to cardiovascular 


diseases as encountered on the clinical level by cardiologists and internists: 


Official Journal of t 


syrnal of 


College of Cardiology 


VITAL...CLINICAL...NECESSARY...CURRENT 


Editorial Board 


Editor: SIMON DACK, M.D. Assistant Attend- 
ing in Cardiology, The Mount Sinai Hospital, 
Lecturer in Cardiology, Columbia University, 
Assistant Professor of Medicine, New York 
Medical College, New York, N. Y. 


Assistant Editors: RAYMOND HARRIS, M.D. 
Assistant Physician in Cardiology Albany Medical 
College, Cardiologist, St. Peter's Hospital, Al- 
bany, New York. 

RAYMOND S. MEGIBOW, M.D. Assistant Attend- 
ing Physician, The Mount Sinai Hospital, New 
York, N. Y. 

Associate Editors: ASHTON GRAYBIEL, M.D., 
M.C., U.S.N., Naval School of Aviation Medicine, 
U.S. Naval Air Station, Pensacola, Florida. 


ALDO A. LUISADA, M.D. Associate Professor of 
Medicine, The Chicago Medical School and Di- 
rector, Division of Cardiology, The Chicago Med- 
ical School and The Mount Sinai Hospital, Chicago, 
Ilinois. 

GEORGE R. MENEELY, M.D. Associate Professor 
of Medicine, Vanderbilt University School of 
Medicine, Nashville, Tennessee. 

MYRON PRINZMETAL, M.D. Attending Physician, 
Cedars of Lebanon Hospital, Chief Cardiologist, 
City of Hope Hospital, Associate Professor of 
Clinical Medicine, University of Southern Cali- 
fornia School of Medicine, Los Angeles, California. 


And o world-wide staff of forty consultants 


Applications are now being accepted for 
Charter Subscriptions at only $10. (Regular 
price, effective January 1, 1958, will be $12 
for one year, 12 issues; Canado $13, For- 
eign $14.) 


THE AMERICAN JOURNAL OF CARDIOLOGY 
1] East 36th Street, New York 16, New York 


Today there exists a real need for a journal in 
the field of cardiovascular disease oriented on 
the clinical level and directed primarily toward 
the practicing cardiologist and internist. 


This need will be answered in January, 
1958, with the publication of The American 
Journal of Cardiology. 


The new monthly journal will confine itself 
primarily to material useful in clinical cardiology. 
Laboratory and research papers will be included 
if they offer good clinical application. Special 
attention will be given to certain subspecialties 
and particular fields of interest such as: 


clinical cardiology clinical cardiac 


electrocardiography hemodynamics 
physiology cardiac surgery 
pharmacology radiology 
pathology metabolism 


pediatric cardiology coronary circulation 


aviation medicine 


The American Journal of Cardiology will be a 
publication of the YORKE Group—Publishers of 
The American Journal of Surgery and The Amer- 
ican Journal of Medicine, winners of the American 
Medical Writer’s Award. 


AJM-9 / 57 


Enter my order for a Charter Subscription to the American Journal of Cardiology at the 
special prepublication price of $10 for one year. 


Name 


Address 


City 


Zone State 
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TABLETS 


SULFATHALIDINE 


PHTHALYLSULFATHIAZOLE 


SULFATHALIDINE used preoperatively gives you the 
comforting assurance that intestinal bacteria have 
been almost entirely suppressed, that danger from 
fecal contamination is greatly lessened. Maximum 
local effect is insured because of low systemic ab- 
sorption. Given postoperatively, SULFATHALIDINE 
promotes early healing, speeds convalescence. 
SULFATHALIDINE is also useful in treating ulcer- 
ative colitis. 


CREMOTHALIDINE® is a palatable suspension of 
SULFATHALIDINE. 


MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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Elevated blood pressure 
Increased pulse rate 


RELY UPON 
RAUDIXIN TO RELIEVE 
PSYCHIC SYMPTOMS 


Anxiety Headache Insomnia 
Excitation Tension Agitation 


ACHIEVE TOTAL MANAGEMENT OF YOUR HYPERTENSIVE PATIENTS 


Raudixin helps you achieve total management of your hypertensive patients. Blood pres- 
sure is gently lowered. The work load of the heart is decreased. Psychic symptoms such 
as anxiety and tension are relieved. You can also use the smooth tranquilizing action of 
Raudixin on your tense and anxious normotensive patients. You will find that Raudixin 
has little, if any, effect on the blood pressures of such patients. Whole root rauwolfia 
(Raudixin) “is often preferred to reserpine in private practice, because of the additional 
activity of the whole root.’’* Dosage: Two 100 mg. tablets once daily; may be adjusted within 
a range of 50 to 300 mg. daily. Supply: 50 and 100 mg. tablets, bottles of 100, 1000 and 5000. 


*Corrin, K.M.: Am. Pract. & Dig. Treatment 8:721 (May) 1957 


Squibb Whole Root Rauwolfia Serpentina 


Bit) Squibb Quality—the Priceless Ingredient 


& SQUIBB TRACEMARR 
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months ? 


Improve the prognosis in fractures with 
“Premarin” with Methyltestosterone 


Healing of fractures is often delayed because impairment of osteoblastic activity 
due to declining sex hormone function causes the bone matrix to atrophy. 


Older patients with fractures, particularly of the hip, respond well to combined , 
estrogen-androgen therapy. The prognosis for bone recalcification is good provided 
treatment is continued for extended periods.* 


*Reifenstein, E. C., Jr., in Harrison, T. R.: Principles of Internal Medicine, ed. 2, New York, The 
Blakiston Company, Inc., 1954, chap. 98, pp. 702, 703. 


“PREMARIN” with METHYLTESTOSTERONE 


Excellent preparation for estrogen-androgen therapy 


Ayerst Laboratories * New York, N. Y. * Montreal, Canada 
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IRWIN, 


at akr can give you... 


anphetamin protocolloid complex 


To serve your patients today—call your 
pharmacist for any additional information 
you may need to help you prescribe Seco- 
Synatan and Synatan. 


For prescription economy, prescribe 
Synatan and Seco-Synatan in 50’s. 
*Garrett, T. A.: Clin. Med. 3: 1185 (Dec.) 1956. 


Irwin, Neisler 


less CNS 
overstimulation... 


each Synatan tabule contains tan- 
phetamin (dextro-amphetamine 
tannate) 17.5 mg. 


Seco-Synatan contains Synatan 17.5 
mg. and secobarbital 35.0 mg. 


dosage: One or two tabules at 10:00 
a.m. for all day control. 


NEISLER & CQO. DECATUR ILLINOIS, 


A 
| a 
the smoothest amphetamine compound you can use 


FOR THERAPEUT/C SUCCESS 


PRESCR/BE 


4 


e six years of experience with Pentids in mil- 
lions of patients confirm clinical effectiveness 
and safety 


e excellent results with 1 or 2 tablets t.t.d. for 
many common bacterial infections 


e may be given without regard to meals 


e economical... Pentids cost less than other peni- 
cillin salts 


Just 1 or 2 tablets t.i.d. Bottles of 12, 100 and 500 


NEW! PENTIDS FOR SYRUP. Orange flavored powder 
which, when prepared with water, provides 60 cc. of 
syrup with a potency of 200,000 units of penicillin G 
potassium per 5 cc. teaspoonful. 


Also available: Pentids Capsules, Pentids Soluble Tab- 
lets, Pentid-Sulfas. 


Squibb Quality—the Priceless Ingredient 


*PENTIOS'® 1S A SQUIBB TRADEMARK 
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Back Jssues Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 
the following issues: 


January 1948 December 1954 
February 1948 May 1955 
March 1948 August 1955 
August 1951 September 1955 
February 1953 October 1955 
May 1957 
Send to 
The American Journal of Medicine, Inc. 
11 East 36th Street, New York 16, N. Y. 


when anxiety and tension “erupts” in the G. I. tract... 


GASTRIC ULCER 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of gastric ulcer — without fear of barbiturate loginess, hangover or 
habituation ...wi//) PATHILON (25 ig.) the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. 

Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


*Trademark ® Registered Trademark for Tridihexethyl lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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athlete’s foot 


arrier unto himself 


Once he is infected with athlete’s foot, he is likely to remain a “carrier 
unto himself,” even without re-exposure. Daily routine application 
of Desenex protects against reinfection and recurrence. 


fast relief from itching 


prompt antimycotic action 
continuing prophylaxis 


MALTBIE LABORATORIES DIVISION 


Desenex 


OINTMENT and SOLUTION 
Buffered at pH 6.5 


POWDER 


For most effective and convenient therapy and 
continuing prophylaxis, use Desenex as follows: 


AT NIGHT the Ointment (zincundecate) —1 oz. 
tubes and 1 Ib. jars. 


DURING THE DAY the Powder (zincundecate) — 
11% oz. and 1 lb. containers. 


AFTER EVERY FOOT BATH the Solution (undecy- 
lenic acid)—2 fl. oz. and 1 pt. bottles. Use only 
when skin is unbroken. 


In otomycosis, Desenex solution or ointment. 
Write for free sample supply to Professional 
Service Department. 


¢e WALLACE & TIERNAN, INC. e Belleville 9, N. J. 
PD-71) 
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SICK 


(86.9%)* 


.. . Bonadoxin is a great advance in the management of 
nausea and vomiting... .’’* 


To put your blue-at-breakfast patients back in the pink, 
prescribe BONADOXIN (usually one tablet at bedtime). 


Supplied: bottles of 25 and 100 tiny pink-and-blue tablets. 
Each tablet combines meclizine (25 mg.) and pyridoxine 
(50 mg.). Contraindications: none. 


And if they need a nutritional buildup with freedom from 
‘leg cramps'—remember STORCAVITE®. 


STORCAVITE’ supplies 10 essential vitamins and 7 
important minerals, including iron and phosphate-free calcium. 

tdue to calcium-phosphorus imbalance. 
*Goldsmith, J. W.: Minn. Med. 40:99 (Feb.) 1957. 
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balanced activity... 


for youngsters 


who need vitamins 


and ninerals 


MINERALS FOR CHILDREN 


Formulated for potency and balance, ABDOL 
WITH MINERALS FOR CHILDREN is keyed to the 
nutritional requirements of young patients. This 
highly effective supplement contains 10 import- 
ant vitamins and 10 mineral components in eco- 
nomical, easily-swallowed capsules. 


VITAMINS 

Vitamin A 3000 units 0.9 mg. 

VitaminDB 1000 units 25 mcg. 

Vitamin ‘ascorbic acid mG. 

Vitamin By mononitrate thiamine mor 

Vitamin Be pyridoxine hydrochloride O5mg. 

Vitamin crystalline cyanocobalami 1.5 mcg. 

Nicotinamide niacinamide 12mg. 
PAR Calcium pantothenate 25mg. 
Folicacid 0.1 mg. 


MINERALS 


Calcium 
Phosphorus 
lodine 
Manganese 
Cobalt 
Potassium . 
Supplied asi 


Available in bottles of 100 capsul 
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PARKE, DAVIS & COMPANY 
petroit 32, MICHIGAN 
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whenever 
| cough therapy 
— is indicated 


(Dihydrocodeinone with Homatropine Methylbromide) 


Relieves cough quickly 
and thoroughly 


Effect lasts up to six hours 
permitting a comfortable 
night’s sleep 


Controls useless cough without 
impairing expectoration 


Rarely causes constipation 


Syrup and oral tablets 

Each teaspoonful or tablet of 
HYCODAN* contains 5 mg. 
dihydrocodeinone bitartrate and 

1.5 mg. Mesopin (homatropine 
methylbromide). 

Average adult dose: 

One teaspoonful or tablet after 

: meals and at bedtime. May 
be habit-forming. Available 
on your prescription. 


Oo Literature? Write 
ENDO LABORATORIES Richmond Hill 18, New York °U.S. Pat, 2,630,400 
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in menopausal turmoil 


rapid relief 


prolonged action 


unvarying potency 


1) PARKE, DAVIS & COMPANY - DETROIT 32, MICHIGAN 


66th YEAR OF PUBLICATION 


The Leading Independent Surgical Journal 


PRESENTS THE PAPERS OF... 


The American Association 
for the Surgery of Trauma 


The Pacific Coast Surgical Association 


The American Journal of Surgery 


The American Society of 11 East 36th Street, New York 16, N. Y. 


Please enter my subscription to The American 


Journal of Surgery. Yearly $15.00 U.S.A.—$16.00 
Canada—$17.00 Foreign 


OTHER REGULAR FEATURES .. . 


Practical Surgical Suggestions 
New Instruments 
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When you finally settle him down, remember that what he'll probably 


need first... and most... is the essential B-complex. And that’s a 


Just one Sur-Bex tablet 
a day supplies: 


Thiamine Mononitrate.... 
Pyridoxine Hydrochlioride..........1mg. 

Calcium Pantothenate...........10 mg. 
Ascorbic Acid................-150 mg. 
Desiccated Liver, N.F..........300 mg. 
Brewer’s Yeast, Dried..........150 mg. 


(®) 
As a dietary supplement: 


1 or 2 tablets daily. In con- | | Bit! 


ABBOTT’S B-COMPLEX TABLETS WITH C valescence: 2 or more daily. 


a good B-complex 


good time for 
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For the . 
oreatest 
potential value 
and the 
least probable risk © 


SIGNEMYCIN 


OLEANDOMYCIN TETRACYCLINE-PHOSPHATE BUFFERED 


Muiti-spectrum potentiated tnerapy 


buffered for higher, faster antibiotic levels 
...adds new certainty in antibiotic ther- 
apy... particularly for that 90% of the 
patient population treated at home or office 
when susceptibility testing is not 
practical— 


Supplied: 

SIGNEMYCIN V CAPSULES containing 250 mg. (ole- 
andomycin 83 mg., tetracycline 167 mg.), phos- 
phate buffered. Bottles of 16 and 100. 
SIGNEMYCIN* CAPSULES— 250 mg. (oleandomycin 
83 mg., tetracycline 167 mg.), bottles of 16 and 
100; 100 mg. (oleandomycin 33 mg., tetracycline 
67 mg.), bottles of 25 and 100. 

SIGNEMYCIN FOR ORAL SUSPENSION —1.5 Gm., 125 
mg. per 5 cc. teaspoonful (oleandomycin 42 mg., 
tetracycline 83 mg.), mint flavored, bottles of 2 oz. 
SIGNEMYCIN INTRAVENOUS — 500 mg. vials (olean- 
domycin 166 mg., tetracycline 334 mg.), and 250 
mg. vials (oleandomycin 83 mg., tetracycline 167 
mg.); buffered with ascorbic acid. 


( Pf =e7°)  Prizer LABoraTories, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 


World leader in antibiotic development and production 


rademark tTrademark, oleandomycin tetracycline 
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is the word 


or Noludar 


Mild, yet positive in 
action, Noludar 'Roche' 


is especially suited 


for the tense patient 
who needs to relax and 


remain clear—headed— 


or for the insomniac 
who wants a refreshing 


night's sleep without 


angover. Not a 


arbiturate, not habite- 


orming. Tablets, 


50 and 200 mg; elixir, 
50 mg per teasp. 


Noludar® brand of methyprylon 
(3,3-diethyl-5-methyl- 
2,4-piperidinedione) 


Original Research in 
Medicine and Chemistry 


ROCHE 
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Clinical benefits well established in 


LOW BACK PAIN 


ey and other musculoskeletal disorders 
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Zoxazolamine* 
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“...in the treatment of 90 patients with low back pain and other muscular 
conditions...67 (74 per.cent) showed a good response following treatment 
with Flexin.”! 


“In acute and chronic recurrent low back syndrome, seven of eight patients 
showed visible objective improvement.’’”? 


“A high percentage of patients with these conditions [sprains, muscle strains 
and contusions, low back disorders, fibrositis, bursitis, myositis, and spon- 
dylitis] may be expected to be benefited by the drug with attending relief of 
muscle spasm discomfort.’ 


references(1) Johnson, H. J., Jr.: To be published. (2) Settel, E.: Am. Pract. & Digest Treat. 8:443 
(March) 1957. (3) New and Nonofficial Remedies, J.A.M.A. 162:205-207 (Sept. 15) 1956. 


how supp!iedPink, enteric coated tablets (250 mg.), bottles of 36. Yellow, scored tablets (250 mg.), 
bottles of 50. 
*U.S. Patent Pending 


Laboratories, Inc « Philadelphia 32, Pa. 
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that didn’t make the news 


BENYLIN 


EXPECTORANT 


Quick control of cough occurring with colds or allergies is more vital to 

some patients than to others... but all welcome promptness with which 
BENYLIN EXPECTORANT gives relief. Because it provides both 
demulcent and expectorant action — plus antihistaminic-antispasmodic effect 
of Benadryl® -BENYLIN EXPECTORANT not only soothes irritation 
and makes cough more productive, but also combats bronchial spasm and 
relieves nasal congestion, sneezing, and lacrimation. Non-narcotic and 
pleasantly flavored, it is ideal for infants and children, as well as for adults. 


BENYLIN EXPECTORANT contains in each fluidounce: 
Benadryl] hydrochloride 


supplied: BENYLIN EXPECTORANT is available in 16-ounce and 1-gallon bottles. 
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Introducing 


A New Dimension in Therapy of Chronic Disorders 
In chronic “fatigue,” malnutrition, anorexia, the meno- 
pause, premenstrual tension — 


In arthritis, ulcerative colitis, neoplasms, certain derma- 
toses, delayed wound healing — 


depression and discouragement are frequent 
concomitants which may magnify symptoms 
and hinder recovery. 


WHENEVER DEPRESSION AND APATHY ARE PART OF THE PIC- 
TURE, MARSILID IS UNPARALLELED IN ITS PSYCHIC EFFECT. 
MARSILID IS NEITHER A “TRANQUILIZER” NOR A PSYCHOMO- 
TOR STIMULANT IN THE USUAL SENSE. IT POSSESSES UNIQUE 
PSYCHODYNAMIC ACTIVITY, WITH A REMARKABLE POTENTIAL 
FOR RESTORING THE JOY OF LIVING TO DEPRESSED AND 
DEVITALIZED INDIVIDUALS. 
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... FOR EXAMPLE: In rheumatoid arthritis, ‘‘the first response” of 
patients treated with MarsiLip “‘was a gradual increase 
in their generalized sense of well-being. Patients who for- 
merly were depressed began to smile faintly, to show inter- 
est in their immediate surroundings, and presently to note 
an improvement in appetite. Many patients commented 
that they were beginning to feel as they had before they 
developed rheumatoid arthritis. Although joint pain and 
swelling were still present, these joint manifestations ap- 
peared to be tolerated better and were less a cause for 


concern. ... 


Scherbel, A. L.: Cleveland Clinic Quarterly 24:90 (April) 1957 


the psychic energizer 


MARSILID 


(iproniazid) ‘Roche’ 


Unlike the usual psychomotor stimulants, Marsilid induces a feeling 
of healthy well-being rather than fleeting euphoria, does not produce 
motor restlessness or irritability, does not depress but usually stimulates 
appetite, does not elevate but may lower blood pressure. In malnutri- 
tion and delayed wound healing, it appears to have anabolic effects. 
Marsilid is an isopropyl derivative of isonicotinic acid hydrazide, an 
amine-oxidase inhibitor with apparently unique effect as a regulator of 
serotonin and other neurotropic enzyme activity. 


For complete references and information concerning dosage, indica- 
tions, and contraindications, write V. D. Mattia, Jr., M.D., Director of 
Medical Information, Hoffmann-La Roche Inc., Nutley 10, New Jersey. 


MARSILID® PHOSPHATE — brand of iproniazid phosphate 
Supplied in scored tablets of 50 mg, 25 mg and 10 mg 


Original Research in Medicine and Chemistry 


' Both vial and Oral Adapter for Medihaler preparations 
are improved: The 10cc. vial for all Medihaler medica- 
tions is now made of shatterproof stainless steel. The 
Oral Adapter is shorter, handier to use. New combination 
package includes Oral Adapter for patient’s first prescrip- 
tion. No need for carrying case. 


Medihaler -EPI- Riker brand epinephrine bitartrate, 

and other 7.0 mg. per cc., suspended in inert, nontoxic aerosol 

‘ vehicle. Contains no alcohol. Each measured dose 0.15 mg. 
allergic States a In 10cc. metal vial with measured- 


Indicated for quick relief of bronchospasm of any origin 
—asthma, bronchiectasis, emphysema. 

Acts more rapidly than subcutaneous epinephrine in 
acute allergic reactions. 


Mediha ler- ISO Riker brand isoproterenol] sulfate, 2.0 
mg. per cc., suspended in an inert, nontoxic aerosol vehicle. 
Contains no alcohol. Each measured dose 0.06 mg. actual 
isoproterenol. In 10cc. metal vial with measured-dose valve. 

Unsurpassed for rapid relief of bronchospasm of any 
| origin—asthma, bronchiectasis, emphysema. 


SMALLER...MORE CONVENIENT...SHATTERPROOF...EVER-READY 
SIMPLER TO USE...RAPID, PROLONGED RELIEF...SAFE FOR CHILDREN TOO 
The same automatic measured-dose principle which has made Medihaler famous. Uniform particle size. 

Always spillproof, leakproof; constant dosage. Now also shatterproof, and with sma//er sterilizable, 


unbreakable Oral Adapter. Nothing to pour or measure. Prescribe Medihaler medication with Oral 
Adapter on first prescription. REFILLS AVAILABLE WITHOUT ORAL ADAPTER. 


The Medihaler Principle 
is also available in Medihaler-Phen™ (phenylephrine-hydrocortisone- 
neomycin) for lasting, effective relief of 


| nasal congestion. ( 
Aiker LOS ANGELES 


automatically measured-dose aerosol medications 
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The American Journal of Surgery 


publishes the papers of 


“Three Surgical Societies 


The Pacific Coast Surgical Association 
The American Society of Maxillofacial Surgeons 


The American Association for the Surgery of Trauma 


The American Journal of Surgery, Inc. 
11 East 36th Street, New York 16, N. Y. 


when anxiety and tension “erupts” in the G. I. tract.., 


DUODENAL ULCER 


Meprobamate with PATHILON ® Lederle 


Combines Meprobamate (400 mg.) the most widely prescribed tranquilizer . . . helps control 
the “emotional overlay” of duodenal ulcer — without fear of barbiturate loginess, hangover or 
habituation... w///) PATHILON (25 1g.) the anticholinergic noted for its extremely low toxicity 
and high effectiveness in the treatment of many G.I. disorders. 

Dosage: 1 tablet t.i.d. at mealtime. 2 tablets at bedtime. Supplied: Bottles of 100, 1,000. 


* Trademark ® Registered Trademark for Tridjhexefhy! lodide Lederle 
LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 
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means help 


® For those who eat too much 


@ For those who are depressed 


> dispels abnormal craving 
for food, subtly elevates the mood. 


*‘Methedrine 


* brand Methamphetamine 


Hydrochloride Tablets 5 mg., scored 


9 


‘Methedrine 


BURROUGHS WELLCOME & CO. (U.S. A.) INC., Tuckahoe, New York 
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New SANBORN 


MODEL 300 


VISETTE 


electrocardiograph 


18 Ibs. 
TRANSISTORIZED 
$625 del. 


/ANNIVE RSARY \ 
34917-1957 


Change leads by turning a knob, with “Instomatic” (amplifier- 
stabilizing) action automatically done for you as you turn the knob 
... mark patient’s name, data, date on record while its still in the 
instrument, using a built-in writing surface... reload new chart 
paper by lifting a cover, dropping in the roll, running motor... pick 
up and carry the instrument to a hospital ward or patient’s home, as 
easily as you would a brief case. 

You can do every one of these — and a dozen more time-and- 
effort-saving things — when you use the new Sanborn Model 300 
VISETTE electrocardiograph. This remarkable, moderately priced 
instrument has been designed to fulfill a single purpose: convenient 
‘cardiography with no sacrifice in diagnostic accuracy. Here is an 
ECG that weighs only 18 pounds — no more than a portable type- 
writer; that occupies barely more space on the top of your desk 
than an 8%" x 11” letterhead; that encourages patient’s pre-test 
“peace of mind”’, by its attractive, modern design; that shuts itself 
off, when the cover is closed; that grounds itself when a button is 
pushed; that keeps electrodes, paste, cables and accessories from 
getting lost, by storing them in a cover compartment. 

In short, the VISETTE is the electrocardiograph for your 
practice today. Call the “Sanborn man” in or near your city for 
all the facts on the new 300 VISETTE. He'll be glad to demon- 
strate, in your office and at your convenience, the most convenient 
ECG you’ve ever used. Or, write for descriptive literature, with 
details of 15-day Trial Plan. 


SANBORN COMPANY 


175 WYMAN ST., WALTHAM 54, MASSACHUSETTS 
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IN PATIENTS WITH “ANXIETY—TENSION — FATIGUE” 


‘Miltown’ therapy In patients with anxiety-tension- 


fatigue, electromyographic studies 
° have shown that tense skeletal muscles 
1m” proves the cannot easily be made to stop contract- 

ing. This is considered a major cause 
of their fatigue. 


capacity to work 
Investigators’* have reported that af- 
efficiently ter a course of ‘Miltown’ therapy such 


muscles can be made to relax at will 
and can therefore more easily recover 
from fatigue. The authors consider this 
of great value in improving the indi- 
vidual’s capacity to work efficiently. 


1. Dickel, H. A., Wood, J. A. and Dixon, H. H.: Electromyographic 
LN studies on meprobamate and the working, anxious patient. Ann. 
New York Acad. Sc. 67:780, May 9, 1957. 

2. Dickel, H. A., Dixon, H. H., Wood, J. A. and Shanklin, J. G.: 


Electromyographic studies on patients treated with meprobamate. 
West. J. Surg. 64:197, April 1956. 


WALLACE 
LABORATORIES 


TRANQUILIZER WITH 
] town MUSCLE-RELAXANT 
ACTION 


Supplied: 
400 mg. scored tablets. dicarbamate 
CM. S466 200 mg. sugar-coated tablets. 


Literature and samples available on request. wy WALLACE LABORATORIES, New Brunswick, N. Je 
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ULFILLS 


THESE 


¢ Mobilizes edema...prevents fluid accumulation ¢ 6-12 
hour diuresis on a single, oral dose ¢ No cumulative 
effects, excretion within 12-14 hours With These “Extra” 
Patient Benefits Oral dosage Convenience of 
daytime diuresis, nighttime rest ¢ Virtually no serious 


side effects Economical 


NON-MERCURIAL DIURETIC 


DIAMOX is outstandingly effective in a vari- 
) ety of conditions: cardiac edema, glaucoma, 
: epilepsy, toxemia of pregnancy, obesity with 

edema, premenstrual tension. 


Acetazolamide Lederie 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK 


*Reg. U.S. Pat. Off. 


OBJECTIVES... 


_ A Dependable Antihypertensive 


« by far the most effective 


and useful orally administered agent for reducing blood 
pressure ... fully worthy of a trial in every case of 
essential hypertension in which treatment is thought 
necessary. The severe cases, which always need treat- 
ment, are as likely to respond as the mild.’”! 


An Effective Tranquiliz rer. 


1. Locket. S.: Brit. 
1:809 (Apr. 2) 1955. 
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“ |. . relief from anxiety resulted in generally in- 
creased intellectual and psychomotor efficiency with 
a few exceptions.’’? Rauwiloid is outstanding for its 
nonsoporific sedative action in a long list of diseases 
burdened by psychic overlay. 


2. Wright, W.T., Jr., et al.: J. Kansas 
M. Soc. 57: 410 1956. 


Dosage: Merely two 2 mg. tablets at bedtime. 


After full effect one tablet suffices. 


A logical first step when more potent drugs are needed 


Rauwiloid is recognized as basal 
medication in all grades and types 
of hypertension. In combination with 
more potent agents it proves syner- 
gistic or potentiating, making smaller 
dosage effective and freer from side 
actions. 


Rauwiloid+ Veriloid 
In moderate to severe hypertension 
this single-tablet combination permits 
long-term therapy with dependably 
stable response. Each tablet contains 


1 mg. Rauwiloid (alseroxylon) and 


3 mg. Veriloid (alkavervir). Initial 
dose, 1 tablet t.i.d., p.c. 


Rauwiioid + 
Hexamethonium 
In severe, otherwise intractable hy- 
pertension this single-tablet combina- 
tion provides smoother, less erratic 
response to hexamethonium. Each 
tablet contains 1 mg. Rauwiloid and 
250 mg. hexamethonium chloride di- 
hydrate. Initial dose, }4 tablet q.i.d. 
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